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P R O F . DR. P Ä L LIPTÄK Z U M 75. G E B U R T S T A G 
Es gehör t wohl mit zu den besten menschl ichen T u g e n d e n , einen Rückbl ick in 
die Vergangenhe i t zu tun und sich an lange zurück l iegende Ereignisse o d e r an den 
Lebensweg grosser Persönl ichkei ten zu e r innern . D a s ist a u c h das Anliegen dieses 
Beitrages, näml ich a u s Anlass des 75. G e b u r s t a g e s eines Univers i t ä t sprofessors . F ü r 
die ungar i schen A n t h r o p o l o g e n ist d a s J a h r 1989 d a z u a n g e t a n , um an den 75. 
G e b u r t s t a g von Prof . PÁL L I P T Á K zu e r innern . 
P Á L L I P T Á K w u r d e a m 14. F e b r u a r 1914 in Békéscsaba geboren . N a c h einem 
ausgezeichneten A b i t u r setze er sein S tud ium an der phi lologischen Faku l t ä t de r 
Pé t e r -Pázmány-Unive r s i t á t Budapes t in den J a h r e n 1932—1937 for t . Mit Hilfe 
eines S o n d e r s t i p e n d i u m s (im Kol lcg ium-Eötvös ) w u r d e er schliesslich 1937 
G ymnas i a l l eh r e r f ü r die F a c h t e r N a t u r k u n d e und G e o g r a p h i e . Seine D o k t o r -
Disser ta t ion verteidigte er im J a h r e 1938 mit dem Ergebn i s " s u m m a c u m laude" . In 
den Jah ren 1938—1949 a rbe i t e te er als Lehrer in e inem Lehre rb i ldungssemina r und 
an einem G y m n a s i u m . Seine so erfolgreich begonnene L a u f b a h n w u r d e du rch d e n 
Mil i tä rd iens t und den Krieg, sowie du rch die Kr iegsge fangenscha f t u n t e r b r o c h e n . 
A m 1. Jun i 1949 begann er e rneut mit seiner Tä t igke i t als Mi ta rbe i t e r de r 
A n t h r o p o l o g i s c h e n Ab te i l ung des M u s e u m s für N a t u r k u n d e in Budapes t , w o er bis 
zum S e p t e m b e r 1955 als Museo loge tä t ig war . D a n a c h folgte eine Per iode als 
se lbs tändiger Wissenschaf t l e r . 
O b w o h l er seine D o k t o r - D i s s e r t a t i o n über F ragen der S ied lungsgeographie 
geschrieben hat te , w a n d t e sich nun sein Interesse de r A n t h r o p o l o g i e zu. Hierbei 
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spielte sicherlich eine Rolle, dass er in den Jahren des Neubeginns gerade in diesem 
Fachgebiet eine neune Arbeitsmöglichkeit gefunden hat te , und natürlich auch die 
Tatsache, dass er schon in seinen Universi tätsjahren 1932—1934 regelmässig 
anthropologische Vorlesungen bei Prof. L A J O S B A R T U C Z belegt hat te . PÁL L L P T Á K 
intensive Forschungstät igkei t begann 1949 und sein besonderes Interesse w a n d t e 
sich der historischen Anthropolog ie von Populat ionen zu. die vom 5. bis zum 13. 
Jahrhunder t gelebt hatten. Besondere Bedeutung gewannen dabei seine 
Untersuchungen zur H e r k u n f t des ungarischen Volkes. In seine Arbei ten flössen 
Dank seiner exzellenten Kenntnis der russischen Sprache auch die Ergebnisse de r 
sowjetischen Anthropolog ie ein. 
Ausdruck für die Intensität seiner Forschungen war die Verteidigung seiner 
"Kand ida ten" -Disse r t a t ion a m 30. M a r z 1956 mit dem T h e m a : "Die wichtigsten 
Fragen der Anthropolog ie des 7. bis 13. J ah rhunde r t s im Donau-The i ss -
Zwischenstromgebiet" . Seit dieser Zeit beschäftigte er sich sehr intensiv mit F ragen 
der Differentialdiagnose europider und mongolider Grossrassen . 
Ein W e n d e p u n k t in seinen Leben war die Berufung als Dozent und Leiter a m 
16. Marz 1960 an den Lehrstuhl fü r Anthropologie der At t i la-Jözsef-Univers i tä t 
Szeged. Obwohl wir auch in den vorangegangenen Jahren enge wissenschaft l iche 
Kon tak t e gehabt hat ten, so begann nun doch eine f ruch tbare , zwanzig J a h r e 
dauernde erfolgreiche Zusammenarbe i t mit PÁL LlPTÁK. Der Anth ropo log i sche 
Lehrstuhl der Universi tät Szeged befand sich nach dem Wechsel von Prof . L A J O S 
B A R T U C Z nach Budapest in einer schwierigen Lage. Es g a b nur noch einen einzigen 
wissenschaftlichen Assistenten und zwei ältere Hi l fskräf te . Der Neubeginn war fü r 
den eben eintreffenden neuen Chef schwierig, sehr viele Arbeiten mussten erledigt 
werden und of tmals gingen die Organisat ionsarbei ten und die Schreibarbei ten bis 
weit in die Nach ts tunden . Letztendlich aber war das Ergebnis all dieser 
Bemühungen über den Zei t raum von 20 Jahren ein Lehrstuhl mit acht Mi ta rbe i t e rn . 
Eine der wichtigsten Aufgaben war die Lehre. Eine grosse Hilfe war es, als der 
Lehrstuhlleiter 1962 ein Lehrbrief für die Studenten herausgab, der später von PÁL 
LlPTÁK zum ersten in ungarischer Sprache geschriebenen Anth ropo log ie -Lehrbuch 
weiterentwickelt wurde und das seit seinem ersten Erscheinen im J a h r e 1969 
mehrmals nachgedruckt wurde, und das auch gegenwärt ig noch das gültige Lehr-
buch dieses Faches fü r unsere S tudenten ist. Eine grosse Hilfe war es ferner fü r 
Dip lomanden und Dok to randen , als 1972 das zweibändige "An th ropo log i s che 
P r a k t i k u m " erschien, zu dessen Erstellung er seine Mitarbei ter herangezogen hat te . 
In der Amtsper iode von PÁL LlPTÁK wurde der Lehrstoff der An th ropo log ie zwar 
auf insgesamt 3 Semester -Wochenstunden reduziert , was dem Fach jedoch keinen 
Abbruch tat. Schüler schreiben in der Vergangenheit 75 Diplomarbei ten und 17 
Doktor -Disser ta t ionen . Un te r den Promovierten sind mehrere , die auch 
gegenwärtig noch als Anthropologen tätig sind, so z. B . A N T O N I A M A R C S I K , 
K Á R O L Y V Á M O S u n d M Á R T A F E R E N C Z . 
Trotz der bescheidenen personellen Verhältnisse und dem grossen 
Aufgabenbereich in der Lehre, war das H a u p t a u g e n m e r k auf die F o r s c h u n g 
gerichtet. Es mag fast unglaublich erscheinen, abe r die Mitarbei ter des Lehrs tuhls 
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veröll'enilichten in den zurückliegenden 20 Jahren insgesamt 210 grössere oder 
kleinere Publikat ionen. Der Schwerpunt der Forschungen war entsprechend der 
Interessen PÁL LiPTÁKs unter Ausnutzung der anthropologischen Sammlung des 
Lehrstuhls sowie von Ausgrabungsfunden vorwiegend auf die historische 
Anthropolog ie ausgerichtet. Die wissenschaftliche Tätigkeit und die Sammlung des 
Lehrstuhls hatte auf zahlreiche ausländische Spezialisten eine grosse 
Anziehungskraf t und sie begannen, sich für unser Lehrstuhl zu interessieren. Von 
diesen Wissenschaftlern seinen hier folgende Namen erwähnt : DF.BEZ, 
CSEBOKSZAROV, GlNZBURG, TROFIMOVA, B A C H , GRIMM. STLOUKAL, BOEV, 
C O R R E N T I , O L I V I E R , die in Fachkreisen wohl bekannt sind. Die Verbindungen des 
Lehrstuhls wurden erweitert. In den 20 Jahren bereisten die drei Lehrkrä f te des 
Lehrstuhls 14 Länder und bei 55 Ausreisen wurden insgesamt 30 Vor t räge gehalten. 
Der Lehrstuhl pflegt mit 35 Forschungseinrichtungen einen regen 
Schrif tenaustausch. Behilflich war hierbei vor allem die von Prof. PÁL LlPTÁK 
herausgegebene "Ac ta Biologica Szegediensis", in der regelmässig 
an th ropo log i sche Beiträge erschienen. Die historische An th ropo log ie gewann 
weiter an Bedeutung, als a m 15. J anua r 1969 der Direktor des Lehrstuhls seine 
Habil i tat ions-Schrif t mit dem Titel: "Pa läo-Anthropologie und Ethnogenese der 
U n g a r n " erfolgreich verteidigte und am 1. Juli 1969 zum ordentl ichen 
Hochschulprofessor berufen wurde. 
Die Forschungen auf dem Gebiet der historischen Anthropolog ie wurden 
weiter intensiviert und auf die gegenwärtig lebende der Unga rn ausgedehnt . Die 
Ergebnisse dieser Arbeit fanden Eingang in Beiträge zu fünf Monograph ien . Unter 
Beteiligung anderer wissenschaftlicher Einrichtungen untersuchten die Mitarbei ter 
des Lehrstuhls ferner die körperl iche Entwicklung von Kindern und Jugendlichen. 
Parallel dazu liefen die historisch-anthropologischen Untersuchungen natürlich 
weiter. 
Die Mitarbei ter des Lehrstuhls beteiligten sich nicht nur am wissenschaftlichen 
Leben der Universität , sondern waren auch gesellschaftlich sehr rege. So arbeiteten 
sie im Anthropologischen Fachsekt ion der Ungarischen Biologischen Gesellschaft 
und in der Anthropolog ischen Kommiss ion der Ungar ischen A k a d e m i e der 
Wissenschaften mit und waren da rübe r hinaus in verschiedene Körperschaf ten der 
Universitäten integriert. Dies macht deutlich, dass der Leiter des Lehrstuhls seinen 
Mitarbei tern bei der Wahl ihres Forschungsbcreiches weitgehend freie Hand licss 
und das Profil des Hauses nicht auf eine bestimmte Richtung beschränkte . Den am 
Lehrsuhl tätigen Wissensachaft lern kam diese Hal tung P Á L L I P T Á K S letztendlich in 
ihrer Lehr- und Forschungstät igkei t weitgehend entgegend. 
In dem Jahren von 1960 bis 1980 wurde die Zusammenarbe i t mit den 
Achäologen der Museen von Szeged, Baja. Hódmezővásárhely , Szentes, Debrecen, 
Kecskemét und Békéscsaba weiterentwickelt und ausgebaut . Diese 
Zusammenarbe i t gestat tete uns in erster Linie die Erweiterung der historisch-
anthropologischen Sammlung . Ferner wurde die bis heute bestehende enge 
Zusammenarbe i t mit der Z a h n - und Kiefcrorthopädischen Klinik der Albert-Szent-
Györgyi-Universi tät fü r Medizin, Szeged, sowie mit dem Institut fü r Forensische 
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Medizin der gleichen Einr ich tung a u f g e n o m m e n . Enge w i s s e n s c h a f t l i c h e 
Z u s a m m e n a r b e i t erfolgte auch mit den A n t h r o p o l o g e n , die am Zoo log i schen 
Inst i tut der György-Bessenyei -Hochschule f ü r Pädagogik in Ny í regyháza tä t ig 
waren . 
Die wissenschaft l iche Arbeit Prof . PÁL LlPTÁKs f and ihren Niedersch lag in 137 
Publ ika t ionen . D a v o n waren 94 der historischen A n t h r o p o l o g i e gewidmet . 7 d e r 
e thnischen An th ropo log i e und 33 der Gesch ich te der W i s s e n s c h a f t e n , 
populärwissenschaf t l ich oder andere r Art fachlich ausger ichte t . Ferner waren es 
seine Lehrbr ie fe und das Lehrb ruch , sowie einige Beiträge zu M o n o g r a p h i e n . 1983 
erschien seine Habi l i t a t ionsarbe i t in englischer Sprache . Prof . PÁL LlPTÁK g e h ö r t e 
nicht zu den " R e i s e w i s s e n s c h a f t l e r n " , d e n n o c h hielt er viele V o r t r ä g e ü b e r 
a n t h r o p o t a x o n o m i s c h e Fragen und seine wissenschaft l ichen Ergebnisse t r ug er in 
Vor t r ägen auf mehreren aus ländischen Kongressen und Studienreisen vor . So u. a . 
1960 in Paris , 1973 in Ch icago . 1976 auf dem In te rna t iona len K o n g r e s s der 
A n t h r o p o l o g e n und E t h n o g r a p h e n in Beograd au f dem 2. In t e rna t iona len 
F inn i sch-Ungar i sch -Kongress 1965 in Helsinki, sowie anlässl ich einer S tudienre i se 
1970 nach England . 
F ü r seine verdienstvol le Arbei t wurde PÁL LlPTÁK m e h r m a l s ausgeze ichnet , so 
z. B. a m 4. Apri l 1960 fü r seine Leistungen au f d e m Gebie t der Muséologie mit d e r 
Medai l le f ü r "Sozial is t ische K u l t u r " und 1980 f ü r seine Verdienste in der Lehre mit 
der Medai l le f ü r "Ausgezeichnete Arbe i t " . Der Wissenschaf t l iche Ra t d e r At t i l a -
Jözsef -Univers i tä t Szeged verlieh 1989 erstmalig die von der Univers i tä t ges t i f te te 
"LAJOS-BARTUCZ-Erinnerungsplakette" an Prof . PÁL LlPTÁK, der diese h o h e 
Ausze ichnung a u s den H ä n d e n des Rektors in A n e r k e n n u n g fü r seine Le i s tungen 
a m A u f b a u und der En twick lung des Anth ropo log i schen Lehrs tuhls empf ing . Diese 
Plaket te k ö n n e n nur solche ungarischen oder aus länd i schen Wissenschaf t l e r 
e rha l ten , die sich durch überdurchschni t t l ich beach tenswer te Leis tungen in Lehre 
und Fo r schung , sowie um die Wei terentwicklung des A n t h r o p o l o g i s c h e n 
Lehrs tuh ls in Szeged verdient gemacht haben und die die Z u s a m m e n a r b e i t mit 
aus ländischen Ins t i tu t ionen erweiter ten. 
Prof . PÁL LlPTÁK beendete seine zwanzig jähr ige Lei tungs tä t igkei t des 
Lehrs tuhls am 30. Juni 1980. Die Verabschiedung von seinen engsten M i t a r b e i t e r n , 
Kollegen und Schülern er fo lg te au f einer wissenschaf t l ichen Si tzung a m 11. 
Dezember 1980. Die Naturwissenschaf t l ich te F a k u l t ä t verabschiedete den 
scheidenden Kollegen au f einer ausserordent l ichen Si tzung am 12. Dezember . 
Mi t diesem kurzen Rückbl ich auf das Lebenswerk von Prof . LlPTÁK m ö c h t e n 
die ehemal igen Mi ta rbe i te r dem Jubilar ganz herzlich zu seinem E h r e n t a g 
gratul ieren und ihm vor allem Gesundhe i t und Scha f fensk ra f t wünschen . 
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P R O F . DR. A M B R U S A B R A H A M 
(1893—1989) 
I took leave of h im as his fo rmer s t u d e n t and col league at his dy ing bed. Only 
his eyes were ta lking, gazing quiet ly to a great d is tance. Pe rhaps , th is was the last 
t ime, they were seeking the secret of life. T h e n we sadly read: 
T H E H U N G A R I A N A C A D E M Y O F S C I E N C E S , T H E J Ó Z S E F A T T I L A 
U N I V E R S I T Y S Z E G E D let you know with deep s o r r o w , tha t 
A M B R U S Á B R A H Á M 
the m e m b e r of the H u n g a r i a n A c a d e m y o f Sciences, emer i tus p ro fes so r of the 
József Att i la Univers i ty Szeged, h o n o r a r y pres ident o f the H u n g a r i a n Biological 
Society, o u t e r m e m b e r of Royal Society ( L o n d o n ) , m e m b e r of the Ind ian A c a d e m y 
o f Z o o l o g y (Agra) , m e m b e r of Szeged A c a d e m i c B o a r d , m e m b e r of the Scientific 
Educa t iona l Society, m e m b e r o f the Edi tor ia l Board of Zei t schr i f t f ü r 
m i k r o s k o p i s c h - a n a t o m i s c h e F o r s c h u n g , h o n o r a r y d o c t o r o f the József At t i la 
Univers i ty , w inne r of the go lden o rder o f L a b o u r , the KossUTH-pr i ze and the flag 
o r d e r of the People ' s Repub l i c H u n g a r y died in loth of J a n u a r y 1989 in the 96 th year 
o f his life. 
W e lost in his pe r sona l i t y a scient is t with excep t iona l k n o w l e d g e and 
in te rna t iona l fame, an o u t s t a n d i n g representa t ive of c o m p a r a t i v e zoo logy , 
neuroh is to logy , and n e u r o m o r p h o l o g y . 
I see his vivid face ju s t like many m a n y times before , j u s t like I keep it in m y 
m i n d together with m a n y o the r s . We begin to r e m e m b e r him with this p ic ture 
wr i t ing d o w n w h a t an o u t s t a n d i n g personal i ty he was . 
H e was b o r n in 20th of N o v e m b e r , 1893 in T u s n á d . Csik c o u n t y . 
Transsy lvan ia . H e was the 7th child of a wel l - to-do peasan t family with 10 ch i ldren . 
His b i r thp lace is s i tua ted at the foo t of the m o u n t a i n Harg i t a ; a valley wi th s t r eam-
cu t m e a d o w s , g rass lands , p lough- lands . It is s u r r o u n d e d f r o m three s ides by T u s n á d 
s t r eam. T h e fores t with wolves a n d bears is very near . " T h e beau t i fu l forest is the 
spot of d reams , desires, un imag inab l e joys and pa infu l m e m o r i e s . " M e m o r i e s which 
fol lowed him when he was med i t a t i ng he re in Szeged beyond the river Tisza , at the 
M a r o s riverside; he was listening the message of T rans sy lvan i an land . H e lead a 
Transsy lvan ian way of living, especially in his w o r k . In his h o m e he was wri t ing, 
p r epa r ing fo r lectures until d a w n . T h e nights were very shor t , the days full of very 
h a r d w o r k . Jus t like in the family home , where the adolescent child m a d e hay in a 
compe t i t i on with his fa ther . H e used t o w o r k f r o m early m o r n i n g till late in the 
evening. He was t ra ined in this w a y by his b i r thp lace and plenty o f w o r k . 
W h e n he was eleven, he a t t ended the s econda ry schools in C s i k s o m l y ó and 
Csíkszereda . D u r i n g this t ime he was fond o f collecting and classif icat ion of insects. 
A f t e r his eminen t G C E he had t o decide in the choice of p ro fess ion . H e had the 
idea of financial and intellectual i ndependence f r o m home , t o find the way t o the 
science, and h e tried to answer the ques t i ons o f " f r o m where?" , " w h y ? " and 
"where?" . These last ques t i ons were his s t ronges t mot iva t ions . In 1913 he appl ies 
for admiss ion in the P r e m o n t r e o rder , in Jászó . Th i s decision b r o u g h t h im m o r e 
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doub t s than sat isfact ion. So. besides theology he turned to biology and he became 
the student of P Á Z M Á N Y P É T E R University Budapest . His subjects were na tu ra l 
history and geography. 
He spent most of his time in the Institut of Genera l Zoology and C o m p a r a t i v e 
Ana tomy and Histology. He prepared his compet i t ion essay on the reproduct ion of 
Infusoria living in Amphibia in this institut. His capabil i ty, exact, enthusiast ic work , 
was recognized by the director of the institut, L A J O S M É H E L Y , who appoin ted him 
to assistant lecturer in 1917. He was then gradua ted as secondary school teacher of 
biology and geography in 1919. At the same time, because of conscience, he finished 
his theological studies too. This period was very difficult. But the poor lodging, 
starving, the suffer f r o m cold could not brake his en thus iasm for his work . He 
teaches zoology at the Teacher ' s Training College of English Ladies, at the same 
time he gives lectures in both of the divided Depa r tmen t of Zoology. He is the leader 
of histological pract icum too. This latter was the greatest experience for h im. He 
became a genuine compara t ive histologist here, learning and teaching at the same 
time. 
M É H E L Y was not very well experienced in neurohis tology, so he was not able to 
ensure suppor t to the young scientist. In spite of this, he played a crucial role in his 
career. He called his a t tent ion to the thigh-glands of lizards. Then he finished his 
doctoral thesis titled: "Compara t ive anatomical , histological and physiological 
studies on thigh-glands of Archaeo- and Neolacerla species". M É H E L Y called his 
a t tent ion to the innervat ion of lizard penis on the basis of phylogenet ic 
considerat ions. F rom this work he wrote his thesis: " T h e innervat ion of the lizard 
skin" . He was the first who found intraepithelial and corial nerve endings in the 
genital organs. T h e results were determining fo r his fu r the r research work. In 1926 
he wrote his professorial thesis titled " T h e histology of ver tebrate an imals" , then he 
gave his entrance lecture titled "Nerve endings" . 
He was the candidate for the place of head of depar tment a f te r the dea th of 
Méhely. It is incomprehensible even now. that he was not appoin ted . On the 1st of 
August 1934 he leaves Budapest and the P Á Z M Á N Y P É T E R University. He became 
the head of Depa r tmen t of Zoology at the Teachers 'Tra in ing College. At tha t t ime 
Szeged was the second largest town of the count ry . The town accepted him and he 
also was fond of the town. T h e neglected depar tment was recreated with very busy 
scientific life. The s tudents were selected f rom the most capable and devoted 
secondary school pupils. They were listening the lectures of high university level 
with enthusiasm, and some of them joined to the research g r o u p too. 
In 1938 he was the research fellow of Neapol i t an Zoological S ta t ion . He 
worked at the same Hungar ian desk where the f a m o u s Hungar ian biologist , 
neurohistologist I S T V Á N A P Á T H Y earlier. In the 1st of September 1939 he was 
p romoted to the leader of the Teachers ' Tra in ing College. Af te r he had m a d e 
prosper a depar tmen t , he could do it with the whole college. 
In 20th of November — as it was expected — he was p romoted to the d i rec tor 
of the Depa r tmen t of Genera l Zoology and Biology, where a m o n g his ances tors 
were the ou t s t and ing I S T V Á N A P Á T H Y and J Ó Z S E F G E L E I . He was a successor 
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worthy of his ancestors . The depar tment soon became a unique establ ishment rich 
in modern equipment , and modern scientific a t t i tude. The nicely a r ranged collection 
of an imals with the f a m o u s bird collection of P E T E R B E R E T Z K occupied the main 
hall on the ground floor. This unique collection unfor tunate ly was lost later. Each 
biological subject except bo tany was taught in this depar tment and this meant a lot 
of work . At the same time an impor tan t multi lateral research work was done here 
too. It is not accidently that the windows of the depar tment were lighting till late in 
the night. The windows of professor A B R A H A M ' S l abora tory were light too. Perhaps 
the greatest and most valuable neurohistoiogical collection of 19.500 sections and 
prepara tes were made by his colleagues, M Á R I A C S O K N Y A , L A J O S E R D É L Y I , 
M Á R I A F I S C H E R . I M R E H O R V Á T H . E M I L M I N K E R , and especially with the help of 
A R A N K A S T A M M E R . Each preparate is a historical example of the devoted care, 
demand , the ideas of the creators. These prepara tes tell us abou t the methods , aims, 
motives, of his research work which embraced almost the whole animal world and in 
some respect the human organism as well. His research dealt with a lmost all 
p roblems of light microscopic study of nervous system, the quest ions of 
morpho logy and funct ion, the phylogeny, and often pathological aspects too. 
He considered that the good methods a re crucial in the research, so he made 
experiments to improve, or find out new procedures, especially dur ing the first 
period of his career. For example, he applied his own method and the methilene-blue 
staining of Ehrlich for the identification of exteroreceptors of Amphipods and 
Amphibia. He used the silver impregnat ion me thods of R A M O N Y C A J A L , G O L G I , 
B I E L S C H O W S K Y , B I E L S C H O W S K Y - G R O S , the gold- toning me thods of 
B L E L S C H O W S K Y . C A J A L - L E N H O S S É K , S T O H R and J A B O N E R O . In 1926 he preferred 
the S T Ü H R - m e t h o d , but later he discovered the advantages of B I E L S C H O W S K Y and 
B I E L S C H O W S K Y - G R O S methods . The major i ty of his prepara tes was made with 
silver impregnat ion by B I E L S C H O W S K Y - Á B R A H Á M . The sections m a d e in this way 
are very beaut i ful , clear, free of disturbing factors. 
He very rarely made pho tographs of his preparates . He was for the drawings. 
So he could fol low the course of nerve fibres, their spatial a r rangements , 
connect ions. He was right. His drawings were always authent ic . 
He was a devoted neuroscientist th roughout his life. It is difficult to emphasize 
any of his results. Perhaps the research of receptors could be emphasized. He started 
his research career with this and reached new and newer results. In this field he is 
a m o n g the best scientist of the world. Two scientific books were published in this 
field by the Publishing House of the Hungar ian Academy of Sciences: " T h e 
Histological Atlas of Recep tors" (1972), and " Iconography of sensory Nerve 
End ings" (1981). 
He devoted a considerable par t of his life to the research of the innervation of 
cardiovascular system. He published fascinating pictures of the connect ions of 
nerve endings and smooth muscles, the sensory receptors of reflexes impor tan t in 
the regulation of blood pressure, abou t the baroreceptors (pressoreceptors) , abou t 
the chemoreceptors sensitive for the chemical composi t ion of b lood, about nerve 
plexuses found in the heart wall of var ious animal g roups , dendr i t ic trees. 
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neurofibril lar endplates , loose, mainly encapsuled sensory nerve endings . The 
characterist ic fo rms of sensory nerve endings appea r in m a m m a l s wi thout t ransi t ion 
according to his studies. He draw phylogenetic conclusions f rom this fact. He 
published his results on the cardiovascular system in a m o n o g r a p h y in English, 
titled "The microscopic innervation of the heart and blood vessels in Ver tebra tes 
including m a n " (in a joint edition of the Hungar ian Academy of Sciences and the 
Pergamon Press Oxfo rd . 1968). In 1971—1972 he represented the results of his 
investigations on the heart of the Mammalia and the sensory innervat ion of b lood 
vessels in 22 part ly coloured tables of the "At l a s of card iovascular p a t h o l o g y " 
which is in course of publ icat ions at Montrea l . 
His o ther r emarkab le research field was the c o m p a r a t i v e s tudy of the 
innervation of the gastrointest inal t ract , the neural connect ions in the enteric 
ganglia and in the smoo th muscular layer of var ious inver tebrate and ver tebra te 
species. He described in detalis those similarities and differences which were 
detectable at the different synapses of various Insects and Mollusca and Veriebrates. 
On the basis of the experiments made on molluscs and on leech (Hiruclo medicinalis) 
together with E M I L M I N K E R , he took the part of Neuron Thesis, which was his idea 
together with o ther f a m o u s scientists like R A M O N Y C A J A L . M I H A L Y L E N H O S S E K 
and o ther . According to this the nerve fibres, neurofibri ls d o not go th rough the 
cells, centers, muscle fibres, they are not in continui ty as it was announced by his 
prominent ances tor I S T V A N A P A T H Y , and o the r f a m o u s con tempora r i e s . He 
recognized without d o u b t s the essence and impor tance of contigui ty in the neural 
t ransmission, which was suppor ted not only with ana tomica l but funct ional , pa tho-
logical and phylogenetic evidences as well. He was right. This is not in cont radic t ion 
with the words written by him: "The nerve fibres of the smoo th muscle have no 
visible end or if they have that it is something (terminal ret iculum) that canno t be 
named a terminal at all ." He established that the synapt ic connect ions of vegetative 
nerve endings are extremely rare. 
His works on the eye are a lso noteworthy. He described first the innervat ion of 
ocular muscles. It is a pity that he could not pe r fo rm exper iments on more animal 
species and so he could not publish a greater compara t ive s tudy. 
He was interested not only in the peripheral nervous system, the impor tance of 
ganglia, their s tructure. He tried to deal with the central nervous system as well. He 
described large, round neurosecretory cells f rom the prosencephalon of Dytiscus 
marginalis, which are very similar to the neurosecretory cells of nucleus 
paraventr icular is and nucleus supraopt icus of Vertebrates. He accomplished the 
study of innervation of heart and aor ta with the localization of acetylcholinesterase. 
He was very interested in the presence, origin, migrat ion of vesicles their role in the 
transfer: He sadly noted that the thousands of p repara tes could not give an answer 
to these quest ions. They were not able to give an answer . Classical neurohistologist 
asked the questions. 
He was fascinated by the results of electron microscopic neu roana tomy . He 
also begins new research in this field at the age of 72. Until his death he published 38 
articles in this field. He goes on the same way which was well-known at light 
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microscopic level for him. He did not loose his way in the submicroscopic world 
either. He proved again his words :"I write abou t things what I have seen. I write as I 
have seen . . . creating hypotheses, making axiomas. collecting theories, tha t is not 
my way!". 
T h e irresistible instinct desire of chi ldhood is chasing him to the free na ture , 
especially to the mounta ins . They made excursions with his colleagues to the 
moun ta in s Pilis, Mát ra . Bükk. to the fresh springs and streams. The results of these 
excursions are his hydrobiological publications, which are closely related to his life-
work. Besides research teaching job was his o ther favourite work . T h o u s a n d s can 
r emember his exciting, logic, excellent lectures, and t housands can use the 
knowledge got in this way in various depar tments , laboratories . A great number of 
textbooks , handbooks , rewievs of general or scientific interest conta in his 
knowledge, his ideas connected with deep theoretical or with the practical life. 
He was a globe-trot ter . He did not wan t to learn ab road , but to teach there too. 
T o reveal those secrets, which were known by him through his prepara tes . He 
thought everything can be found in the books and scientific articles. He loved t ru th , 
he found and formula ted his own t ru th . He was acknowledged both at h o m e and 
ab road . He was member of f amous societies, he won a lot of prizes. In 1945 he is the 
cor respondent member of Hungar ian Academy of Sciences. In 1953 he won the 
K O S S U T H prize for his research work made on the basis of Pavlovian theories. In 
1955 he was chosen to outer member of Academy of Zoology Agra (India) , in 1958 
the Royal Society of Medicine (London) . In 1960 he became the o rd inary member of 
H u n g a r i a n Academy of Sciences. Ord ina ry and h o n o r a r y C h a i r m a n of the 
Hungar ian Biological Society, which was organized by him. Besides the golden 
order of labour he won the flag order of the People 's Republic Hungary , which is a 
prize for the most ou ts tanding personalities. 
He went on pension in the 1st of August 1967, at the age of 74. He cited 
meditat ing the great t ru th : "which rises, goes down, who was born, is gett ing o lder . " 
Yet. the pension is a painful fact for h im. since he feel himself s t rong and active. He 
keeps working, but he misses the teaching j o b very much. He hardly notices the 
passing of time. He is walking with straigth back along the riverside of Tisza, not 
realizing that his heart beat is slowing down. Then the spring is exhausted, and he 
exists only in his works and in our memories . We realize, that the last distinguished 
great representat ive of Hungar ian classical neurohis tology was beried in the 
Farkasré t i cemetery. 
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44. 1927. 614. 
1929 
Über die Nerven und Nervenendigungen der Antennen einiger Landisopoden (Mitarb.: A. 
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nigrivasis M ). — Studia Zool. 11. 1929. 136—157. 
Az Archeo- és Neolacerták combmirigyeinek összehasonlító szövettana (Comparative histology of 
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Az Opislhodiscus diplodiscoides idegrendszere (Nervous system of Opislhodiscus diplodiscoides). — 
Állattani Közi. 26. 1929. 124. 
Intraepithelialis véredények (Intraepithelial blood vessels). — Állattani Közi. 26. 1929. 204. 
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Die Tricladen-Fauna des Tornaer Gebirges (Mitarb.: G. MÖDLINGER). — Zool. Anz. 86, 1930. 
3 0 1 — 3 0 9 . 
Über ein neues Sinnesorgan der Landisopoden (Mitarb.: A. WOLSKY). — Zool. Anz. 87. 1930. 
8 7 — 9 3 . 
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Die Nervenendorgane der Hundeschnauze. — Arch. Zool. Italiano. 16. 1931. 717—731. 
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A Szt. István Akad. Mcnnyiségtan-Term. tud. Oszt. felolv. Bp. —2/10. 1931. 1—42. 
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1932 
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Ért. 3/6. 1932. 1—49. 
1933 
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Újabb adatok az elefántormány idegvégszerveinek ismeretéhez (Neuere Beiträge zur Kenntnis der 
Nervenendorgane der Schnauze von Elephas indicus). — Szt. István Akad. Mennyiségtan-Term. tud. 
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A származástan és a mai biológia (Phylogenesis and the modern biology). — A z esztergomi 
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1935/36 
Über die Nerven der Vogelkloake (A madärkloaka idegeiröl). — Arb. Ung. Biol. Forsch. Inst. 
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1937 
A békák szájpadnyálkahártyájának mikroszkopikus beidegzése (Die mikroskopische Innervation 
der Gaumenschleimhaut von Fröschen). — Állattani Közi. 34. 1937. 71—80. 
A gerincesek intracardialis idegrendszere (Das intrakardiale Nervensystem der Wirbeltiere). — 
MTA Math. Term. tud. Ért. 56. 1937. 320—345. 
1 9 3 8 
Über die mikroskopische Innervation der Gaumenschleimhaut der Frösche. — Z. Zellforsch. 27. 
1938. 745—753. 
A neurontan mai állása (Der heutige Stand der Neuronlehre). — Állattani Közi. 35. 1938. 
I l l—130. 
A csigák fali dűcsejtjei (Parietal ganglion cells of the snails). — Állattani Közi. 35. 1938. 106. 
Life and biology. The Biologist. Denver. Colo. USA. 20/1. 1938. 28—32. 
Über die mikroskopische Innervation der Herzmuskulatur der Wirbeltiere. — Arb. Ung. Biol. 
Forsch. Inst. Tihany. 10. 1938. 4 6 8 - 4 6 9 . 
Élet es élettudomány (Life and the science of life). Modern Kozmetika. Április 1—4. Budapest. 
1938. 1—4. 
Általános állattan, összehasonlító bonc-, szövet- és élettan (General zoology, comparative 
anatomy, histology and physiology). — Lecture notes. Szeged. 1938. 375 pages, 440 figures. 
1939 
Állatrendszertan. Gerinctelenek. (Animál taxonomy. Invertebrates). — Lccture notes. Szeged. 
1939. 128 pages. 
A csigák bélcsatornájának mikroszkopikus beidegzése (Über die Innervation des Darmkanalcs 
von Schnecken). — MTA Mat. Term. Tud. Ért. 58. 1939. 536—550. 
A békák bőrének mikroszkopikus beidegzése (Die mikroskopische Innervation der Froschhaut). 
— Állattani Közi. 36. 1939. 9 7 - 1 0 7 . 
Über die Innervation von Carcinom. — Z. Krebsforsch. 49. 1939. 470—476. 
Poison in the Animal Kingdom. — The Biologist. Denver. Colo. USA. 21/1. 1939. 6—11. 
Van-e ideg a rákos daganatban? (Gibt es Nerven im Karzinom?) — M Path. Társ. luz. Bp. 1939. 
1—5. 
1940 
Die Innervation des Darmkanals der Gastropoden. — Z. Zellforsch. 30. 1940. 273—296. 
Gibt es Nervennetze? — Z. Zellforsch. 30. 1940. 321—322. 
Az emberi hasiagy (ganglion coeliacum) szerkezete (Die Struktur des Ganglion coeliacum beim 
Menschen). — Állattani Közi. 37. 1940. 154—163. 
Az emberi szív sinustájéka és az idegrendszer (Die Sinusgegend des menschlichen Herzens und das 
Nervensystem). — MTA Mat. Term. Tud. Ért. 59. 1940. 551—567. 
Die Sinusgegend des menschlichen Herzens und ihr Nervensystem). — Z. Zellforsch. 31, 1940. 
146—155. 
1941 
Adatok a hüllők légzöszeveinek mikroszkopikus beidegzéséhez (Beiträge zur mikroskopischen 
Innervation der Atmungsorgane von Reptilien). — Arb. Ung. Biol. Forsch. Inst. Tihany. - 13, 1941. 
320—331. 
Adatok a Hering-féle sinusrellcxck érzölalpainak ismeretéhez (Beiträge zur Kenntnis der sensiblen 
Endorage der Sinusreflexe von Hering). — A Jászóvári Premontrei Kanonokrend Gödöllői Szent 
Norbert Gimnáziuma 1940—41-i Évk. Gödöllő. 1941. 239—261. 
Receptorok az emberi sinus caroticus falában (Rezeptoren in der Wand des Sinus caroticus des 
Menschen). — Állattani Közi. 38. 1941. 179—183. 
2 0 
1930 
Az emberi glomus caroticum idegrendszere (Über das Nervensystem des Glomus caroticum bei 
Menschen). — Acta Univ. Szeged. Acta Zool. / . 1942. 1—50. 
1943 
Az ember nyelvének érző idegvégszervci (Über die sensibilen Nervenendorgane in der Zunge des 
Menschen). — Állattani Közi. 40. 1943. 15—22. 
Idegvégtestek az artéria renalis falában (Nervenkörpcrchen in der Wandung der Artéria renalis). 
— Állattani Közi. 40. 241—252. 
1944 
Életritmus (Life rhythm). — Délv. Szle. 3/1. 1944. 1—15. 
1945 
Teendőink az Alföld állattani feldolgozása terén (Tasks in the field of the zoological processing of 
the Hungarian Plain). — Alf. Tud. Int. Évk. (1944—1945). 1945. 1—12. 
Pressoreceptorok az aortaivben (Pressorezeptoren im Aortenbogen). — Állattani Közi. 42. 1945. 
14—19. 
1948 
Hogyan védekezzünk a hagymarágó hernyók ellen? (How should we defend against the 
onioneating caterpillars?) — Délvidéki Független Hetilap. Makó. május 1. 1948. 
1949 
Beiträge zur Kenntnis der sensiblen Endorgane der Sinusreflexe von Hering, — Z. Zellforsch. 34. 
1949. 208—229. 
Receptors in the wall of the blood vessels. — Acta Biol. Hung. I. 1949. 157—175. 
Über die intramurale Innervation der Kranzgelasse. — XIII. Congr. Int. de Zoologie. Tenu á Paris 
du 21 au 27. juillel. 1948. Extráit. 1949. 345. 
Általános állattan II. (General zoology. Part II. For pharmacy students). — Lecture notes. Szeged. 
1949. 116 pages. 
1950 
The innervation of the blood vessels. — Acta Morph. Hung. I. 1950. 250—254. 
A vérerek beidegzése (Innervation of the blood vessels). Ann. Biol. Univ. Szeged. /. 1950. 
137—235. 
1938 
A Magyar Tudományos Akadémia CLX. nagygyűlése záróülésén elhangzót! hozzászólása 
(Contribution at the closing session of the 160th General Meeting of the Hungarian Academy of 
Sciences). — Akad. Ért. 57/482, 1950. 73—76. 
1950/51 
Bevezetés az állatok szervezettanába (Introduction to the study of the animal organism). — 
Lecture notes. Jegyzet készítő. Szeged. 1950/51. 432 pages. 100 figures. 
Állatélettani anatómia (Animal physiological anatomy). — Lecture notes. Szeged. 1950—1951. 
545 pages. 
1951 
A Goltz-féle átkaroló reflex anatómiai alapjai (Anatomical bases of the Goltz clasping-reflex). — 
Akad. Ért. 58/487, 1951. 290—291. 
A ganglion stellatum összehasonlító szövettana (Comparative histology of the ganglion stcllalum). 
— Akad. Ért. 58/487. 1951. 294—295. 
PAVLOV és a feltételes reflex (PAVLOV und die bedingten Reflexe). - Acta Univ. Szeged. Acta Zool 
3. 1951. 1—12. 
The endings of the nervus acusticus in the labyrinth of the carp. — Z. Zcllforsch. 35 1951 
396—424. 
Die intramuralcn Nerven der Kranzgefassc. Acta Univ. Szeged. Acta Zool. 3. 1951. 13—29. 
Further investigations on the structure and the endings of the nervus depressor in man. — Acta 
Biol. Hung. I. 1951. 165—178. 
The comparative histology of the stellate ganglion. — Acta Biol. Hung. 2. 1951. 311—354. 
Állatszervezettan (Study of the animal organism). — Lecture notes. Tankönyvkiadó. Budapest 
1951. 204 pages. 
Állatélettani anatómia I.—II. (Zoophysiological anatomy I—II.). — Lecture notes. 
Tankönyvkiadó. Budapest. 1951. 554 pages. 171 figures. 
1952 
Állatélettani anatómia II. (Animal physiological anatomy II). — Lecture notes. Tankönyvkiadó. 
Budapest. 1952. 632 pages. 
A Goltz-féle átkaroló reflex receptorainak helye és szerkezete (Position and structure of the 
receptors of the Goltz clasping-reflex). — MTA Biol. Oszt. Közi. /. 1952. 27—39. 
Az aortaideg szerkezete és végzödésformái a kutya artériás törzseiben (Über die Struktur und 
Endigungsformen des Aortennerven in den arteriellen Stámmen beim Hunde). — Ann. Biol. Univ Hung 
1 9 5 1 . 1. 1952 . 3 2 5 — 3 4 0 . 
Adatok Putnok környékének hydrobiológiaí viszonyaihoz (Data on the hydrobiological 
conditions in the region of Putnok) (Co-authors: S. BENDE, J . MEGYERI. A. HORVÁTH). Ann. Biol. 
Univ. Hung. Pars Szegediensis. / . 1952. 341—350. 
Studies on the location and structure of the receptors of Goltz's clasping-reflex. Acta Biol 
H u n g . 3. 1 9 5 2 . 3 6 5 — 3 7 7 . 
Vérnyomás és periférikus idegrendszer (Blood pressure and peripheral nervous system). — MTA 
Biol. Oszt. Közi. 1. 1952. 439—489. 
Hozzászólás "DUDICH ENDRE: A magyar zoológia ötéves terve"-hez (Comments on ENDRE 
DUDICH'S "The five-year plan for Hungarian Zoology"). — MTA Biol. Oszt. Közi. 3. 1952. 444 445. 
22 
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Tipuslan (Tipology). Lecture notes. Tankönyvkiadó. Budapest. 1952. 
összehasonlító állalszervezettan. Sejt- és szövettan. I. (Comparative study of the animal organism. 
Cell and tissue. I.). — Lecture notes. Tankönyvkiadó. Budapest. 1952. 369 pages. 130 figures. 
BARTUCZ LAJOS: "Adatok a koponyalékelés (trepanatio) és bregmasebek kapcsolatának 
problémájához magyarországi népvándorláskori koponyák alapján" cimü dolgozat ismertetése (Report 
on LAJOS BARTUCZ'S "Data on the problem of the connection of trepanation and bregmatic injuries on 
the basis of skulls from the Hungarian Migration Period"), — MTA Biol. Oszt. Közi. 2. 1953. 127. 
Állattani dolgozatok (Zoological publications). — MTA Biol. Oszt. Közi. 2. 1953. 551—552. 
Die Innervation der Blutgefassc. — Acta Biol. Hung. 4. 1953. 69—160. 
A tudomány megszűnt öncél lenni (Science has ceased to be a purpose in itself). — Új világ. 
Budapest. 6114. 1953. ápr. 2. 7. 
Összehasonlító állatszervezettan (Comparative study of the animal organism). — Lecture notes. 
Felsőokt. jegyzeteli. Budapest. 1953. 386 pages. 151 figures. 
Összehasonlító állatszervezettan III. (Comparative study of the animal organism III). — Lecture 
notes. Felsőokt. Jegyzeteli. Váll. Budapest. 1953. 492 pages. 100 figures. 
Találkozásom orosz és szovjet tudósokkal (My meetings with Russian and Soviet scientists). -
Szovjet Kultúra. Budapest, J/5. 1953. 
Blood pressure and peripheral nervous system. — Acta Biol. Hung. 4. 1953. 307—365. 
1954 
Innervation of the connective tissue. — Acta Morph. Hung. 4. 1954. 125. 
Adatok a Bánvölgy hidrobiológiái viszonyaihoz (Angaben zu den hydrobiologischen Verhältnis-
sen des Bán-Tales). (Mitarb.: S. BENDE. J. MEGYERI). — Ann. Biol. Univ. Hung. 1952. 2. 1954. 327- 344. 
Pressorezeptoren in der Wand der Schwimmblase (Mitarb.: A. STAMMER). — Ann. Biol. Univ. 
Hung. 1952. 2. 1954. 3 4 5 - 3 6 0 . 
Fixált értransplantatumok beidegzése (Innervation of fixed vascular transplants). — Katonai 
Szemle. Budapest. 6/5, 1954. 493^199 . 
A madarak szemmozgató izmainak beidegzése, tekintettel a ganglion ciliare szerkezetére (Die 
Innervation der Augenmuskeln der Vögel, unter Berücksichtigung der Struktur des Ganglion ciliare) 
(Mitarb.: A. STAMMER). — Állattani Közi. 44. 1954. 115—134. 
A cornea mikroszkopikus beidegzése, tekintettel a fibroeyták idegkapcsolataira (Microscopic 
innervation of the cornea, with regard to the neuroconnections of the fibrocytes). — Állattani Közi. 44. 
1954. 301—302. 
1955 
Microscopic innervation of fixed vascular grafts (Co-author: L. SIN). — Acta Morph. Hung. 5. 
1955. 103—112. 
Bírálat: MEGYERI. J.—TÖRÖK. L—WEBER. M.: "Általános állattan" (Criticism of J. 
MEGYERI—L. TÖRÖK—M. WEBER: General zoology.) A text-book for teacher's training college 
students. — Állattani Közi. 45. 1955. 155—156. 
A szovjet biológusok és a magyar biológiai kutatások (Soviet biologists and Hungarian biological 
researches). — Délmagyarország. Szeged. 1955. május 12. 14. 15, 17. 
Microscopic innervation of the cornea with reference to the neural connections of the fibrocytes). 
— Acta Biol. Hung. 6. 1955. 31—76. 
Elnöki összefoglaló: MAUCHA REZSŐ: "A fotoszintézis jelentősége a vizek potenciális termelésének 
meghatározásakor" cimü előadásához (Presidential summary of REZSŐ MAUCHA'S "The importance of 
1938 
photosynthesis in the determination of the potential production of waters"). - MTA Biol. Oszt. Közl. 6, 
1955. 412. 
Über die Stelle und Struktur der Rezeptoren im Aortenbogen des Rindes. — Acta Biol. Szeged. I, 
1955. 125—159. 
1956 
Hidrobiológiái vizsgálatok a Szilvás patak vizgyűjtö területén (Hydrobiologische Untersuchungen 
im Wasscrspeicher-Gcbiet des Baches Szilvás) (Mitarb.: A. HORVÁTH. J. MEGYF.RI). — Állattani Közl. 
45. 1956. 13—24. 
Problémák a vegetatív idegrendszer szövettanában (Problems in the histology of the vegetative 
nervous system). — Állattani Közl. 45. 1956. 180. 
Elnöki megnyitó a Magyar Biológiai Egyesület Szegedi Csoportja 1952. május 17-iki alakuló 
ülésén (Presidential address at the opening session of the Szeged Group of the Hungarian Biological 
Society on 17 May 1952). — Biol. Közl. 4. 1956. 72—73. 
Megemlékezés GELEI JózsEFről (Commemoration to JÓZSEF GELEI). — Biol. Közl. 4. 1956. 73. 
Sympathicus problémák (Sympathetic problems). — Biol. Közl. 4. 1956. 73. 
Kísérleti biológia és gyakorlati élet (Experimental biology and practical life). — Biol. Közl. 4, 1956. 
74. 
Elnöki megnyitó a Magyar Biológiai Egyesület és a Micsurin Agrártudományi Egyesület 
rendezésében tartott Növénytermesztési Ankéton (Presidental address at the Plant-production 
Conference organized by the Hungarian Biological Association and the Michurin Agrarian Association). 
— Biol. Közl. 4. 1956. 75. 
A szovjet biológia hatása a magyar biológiai kutatásokra (The effect of Soviet biology on 
Hungarian biological researches). — Biol. Közl. 4. 1956. 75. 
Szovjet biológusok és a szegedi egyetem (Soviet biologists and University of Szeged). — Biol. Közl. 
4. 1956. 78. 
Vizsgálatok az aorta idcgellátására vonatkozólag (Examination on the nerve supply of the aorta). 
— Biol. Közl. 4. 1956. 80. 
Érbetegségek és a vegetativ dúcok (Vascular diseases and the vegetative ganglia). — Biol. Közl. 4. 
1956. 82. 
Über die Probleme in der Histologic des vegetativen Nervensystems. - Acta Biol. Szeged. 2. 1956. 
111—135. 
Hydrobiologische und faunistische Studien im südwestlichen Teile des Bükk-Gcbirges. (Mitarb.: 
F. BiczóK. A. HORVÁTH. J. MEGYERI). — Acta Biol. Szeged. 2. 1956. 137—154. 
Über die Struktur und die Endigungen der Aorticusfasern im Aortenbogen des Menschen mit 
Berücksichtigung der Cholincsterase-Aktivität der Pressorezeptoren). — Z. mikr.-anat. Forsch. 62. 1956. 
194—228. 
New sensory end-apparatuses in the sclera of mammals. — Acta Morph. Hung. Suppl. 7, 1956. 
34—35. 
The structure of cardiac ganglia. Proc. First Meeting Hung. Biol. Soc. Budapest. 1956. — Acta 
Biol. Hung. Suppl. 8. 1956. 11—12. 
1957 
Hydrobiologische Untersuchungen am östlichen Teile des Bükk-Gcbirges (Mitarb.: F. BiczftK, J. 
MEGYERI). — Acta Biol. Szeged. 3. 1957. 55—79. 
Innervation of the Lamellibranch muscle (Co-author: E. MINKER). — Nature. 180. 1957. 
925—926. 
Analizátorok (Analyzers). — Élővilág. 214. 1957. 3—10. 
1938 
Die mikroskopische Innervation des Vogelherzens (Mitarb.: A. STAMMER). — Acta Biol. Szeged. 
3. 1 9 5 7 . 2 4 7 — 2 7 3 . 
Über die Struktur und die Innervation des Reizleitungssystems im Herzen der Säugetiere (Mitarb.: 
E. ERD£LYI). — Acta Biol. Szeged. 3. 1957. 275—308. 
1958 
Über die Innervation des Darmkanals des medizinischen Blutegels IHirudo medicinalisj (Mitarb.: 
E. M I N K E R ) . — Z . Z e l l f o r s c h . 47. 1 9 5 8 . 3 0 7 - 3 1 1 . 
Özek a Marostorokban (Deer at the mouth of the Maros). — Délmagyarország. 14/114. 1958. 
május 16. 5. 
Modern élettől elválaszthatatlan tudomány a biológia (Biology is a science inseparable from 
modern life). — Délmagyarország. 14/116. 1958. május 18. 5. 
Az orvosi pióca IHirudo medicinalis L.) bélcsatornájának beidegzése (Innervation of the intestinal 
tract of Hirudo medicinalis L.) (Co-author: E. MINKER). — M T A Biol. Csop. Közi. 2. 1958. 139—155. 
The microscopical innervation of the reflexogen areas in the mammal's arterial system. — XVth 
Int. Congr. o f Z o o l . London. 1958. 1—3. 
The microscopical innervation of the vertebrate heart. — XVth Int. Congr. of Zool. London. 1958. 
1—3. 
Az emlősök sklérájának mikroszkopikus beidegzése (Microscopic innervation of the sclera of 
mammals). — Biol. Közi. 6. 1958. 79. 
Orosz neurohisztológusok (Russian neurohistologists). — Biol. Közi. 6. 1958. 80. 
A pusztai varanusz (Varanus griseus DAUD) veséjének szerkezete és mikroszkóoikus beidegzése 
(Structure and microscopic innervation of the kidney of Varanus griseus DAUD). — Biol. Közi. 6. 1958. 
8 1 . 
Vagotomischc Untersuchungen an Kätzcn (Mitarb.: E. MINKER). — Acta Biol. Szeged. 4. 1958. 
1 1 5 — 1 1 9 . 
A pusztai varanusz (Varanus griseus DAUD) veséjének mikroszkopikus beidegzése (Microscopic 
innervation of the kidney of Varanus griseus DAUD). — MTA Biol. Csop. Közi. 2. 1958. 265—275. 
Az affercntatio morphologiai alapjai az emlősök veséjében (Morphological bases of the 
afferentation in the kidney of mammals). — MTA Biol. Csop. Közi. 2. 1958. 275—284. 
Die mikroskopische Innervation der Niere des Varanus griseus DAUD. — Z. mikr.-anat. Forsch. 64, 
1 9 5 8 . 2 9 6 — 3 2 0 . 
Beiträge zur Kenntnis der Interozeptoren im Bereiche des cardiovascularen systems. — Acta Biol. 
S z e g e d . 4. 1 9 5 8 . 1 7 9 — 2 0 2 . 
Anatómia — Élettan — Egészségtan (Anatomy — Physiology — Hygienics). (Co-authors: S. 
BENDE. J . MEGYERI . 1. KŐHEGYI. Z . SEBESTYÉN). — C o l l e g e t e x t b o o k . T a n k ö n y v k i a d ó . B u d a p e s t . 1 9 5 8 . 
629 pages. 
Morphological bases of the neural regulation of renal function. — Acta Biol. Hung. Suppl. 2, 1958. 
3 1 — 3 2 . 
1959 
Localisation of acetylcholinesterase in the cardiac conducting system of Ungulaia (Co-author: L. 
ERDÉLYI). — Acta Morph. Hung. 8. 1959. 403—414. 
Über die mikroskopische Innervation des Herzens von Süsswasser-Knochenfischen (Mitrab.: I. 
HORVÁTH). — Z. mikr.-anat. Forsch. 65. 1959. 1—20. 
A magyar biológia problémái. Megnyitó beszéd a II. Biológiai Vándorgyűlésen (Problems of 
Hungarian biology. Opening address at the Sccond Biol. Itinerary Congr. 19 Mav 1958). — MTA Biol. 
Csop. Közi. 2. 1959. 453—462. 
1938 
Beszámoló a Londonban tartott XV. Nemzetközi Zoológiai Kongresszusról (Account of the 
Fifteenth Int. Cong, on Zool. held in London). — MTA Biol. Csop. Közi. 2. 1959. 463—479. 
A vese mikroszkopikus beidegzése (Mikroskopische Innervation der Niere). Állattani Közi. 47. 
1959. 2 7 - 4 0 . 
Experimentell-morphologische Untersuchungen über die Innervation der Schliessmuskeln von 
Süsswassermuscheln (Mitarb.: E. MINKER). — Z. Zellforsch. 49. 1959. 638—654. 
The role of ganglions in the motility of bivalve shells (Co-author: E. MINKER). — Acta Biol. Hung. 
9. 1959. 2 1 0 - 2 2 7 . 
Experimentell-morphologische Untersuchungen über die Innervation der Augenmuskeln von 
Fröschen (Mitarb.: A. STAMMER). — Z. mikr.-anat. Forsch. 65. 1959. 582—594. 
Zur Frage der interneuronalen Synapsen in den vegetativen Ganglien. — Z. mikr.-anat. Forsch. 65. 
1959. 574—581. 
A Magyar Biológiai Társaság II. Vándorgyűlése (Second Itinerary Congr. of the Hung. Biol. Soc.). 
Biol. Közi. 7. 1959. 127—129. 
Tudományos tapasztalatcserén a Román Népköztársaságban 1956-ban (Exchange of scientific 
experience in the Romanian People's Republic in 1956). — Biol. Közi. 7. 1959. 137. 
A Harvey Tercentenary Kongresszuson Londonban 1957-ben (At the Harvey Tercentenary 
Congr. in London in 1957). — Biol. Közi. 7, 1959. 139. 
A vese idegkapcsolatai (Neural connections of the kidney). — Biol. Közi. 7. 1959. 140. 
Beszámoló a berlini vesesymposiumról (Account of the Kidney Symposium in Berlin). — Biol. 
Közi. 7, 1959. 142. 
Beszámoló a Londonban tartott XV. Nemzetközi Zoológiai Kongresszusról (Account of (he 
Fifteenth Int. Congr. on Zool. held in London). — Biol. Közi. 7. 1959. 144. 
Tudományos találkozókon Indiában (Scientific meetings in India). — M. Tud. 66. 1959. 608—610. 
D A R W I N KÁROLY o t t h o n á b a n ( In t h e h o m e o f C H A R L E S D A R W I N ) . — M T A B i o l . C s o p . K ö z i . 3. 
1959. 309—318. 
Untersuchungen über die Struktur, die mikroskopische Innervation und die 
Cholinestcraseaktivität der Nebenniere von Vögeln (Mitarb.: A. STAMMER). — Acta Biol. Szeged. 5. 
1959. 85—95. 
Vergleichende faunistische Untersuchungen in den Klcingcwässcrn des Bükk-Gcbirges (Mitarb.: 
F. BICZÓK, J. MEGYERI). — Acta Biol. Szeged. 5. 1959. 201—214. 
I960 
Morphologische Grundlagen der nervalen Nierenregulation. Nierenfunktion und Nervensystem. 
— VEB Verlag Volk und Gesundheit. Berlin. I960. 3—38. 
Hogyan hozzuk közelebb az egyetemi oktatást az élethez? (How university teaching is being 
brought closer to life?) — Délmagyarország. 16. I960 október 2. 
Adatok a retina szerkezetének ismeretéhez, tekintettel az idegsejtek rétegére és a központi 
kapcsolatokra (Data on the structure of the retina, with regard to the layer of nerve cells and to the central 
connections). — MTA Biol. Orv. Oszt. Közi. 11. 1960. 211—238. 
Zur Kenntnis der Struktur der Netzhaut, mit besonderer Berücksichtigung der 
Ganglienzellenschicht. — Z. Zellforsch. 52. 1960. 529—548. 
A gümös tengerimalac tuberkulinnal kezelt külső genitális szerveinek és bőrének idegszövettani 
vizsgálata (Neurohistological examination of the tuberculin-treated external genital organs and skin of 
tuberculous guinea-pigs). (Co-authors: A. STAMMER. I. FÖLDES. L. LEVENDEL). — Tuberkulózis. 13. 
I960. 257—259. 
J 131 -el jelzett tuberkulinnal kiváltott allergiás reakció összehasonlító autoradiográfiás és 
idegszövettani vizsgálata (Comparative autoradiographic and neurohistological examination of an 
allergic reaction induced by J 131-labelled tuberculin) (Co-authors: L. LEVENDEL, I. FÖLDES, L. 
VEKERDI. E. MEDVECZKY). Tuberkulózis. 13. I960. 259—261. 
1938 
Összehasonító fauniszlikai vizsgálatok a Bükk-hegység kis vizeiben (Comparative faunistic 
examinations in the small waters of the Bükk Mountain). (Co-authors: F. BICZÓK, J. MEGYERI). Ped. 
Föisk. Évk. Szeged. I960. 109—125. 
Megemlékezés HERMAN OrrOról születésének 125 esztendős évfordulója alkalmából 
(Commemoration on the occasion of the 125th anniversary of the birth of OTTO HERMAN). — Biol. Közi. 
8. I960. 111—112. 
1961 
A sziv beidegződése (Innervation of the heart). — MTA Biol. Orv. Oszt. Közi. 12. 1961. 207—244. 
Die mikroskopische Innervation des Herzcs der Amphibien. — Acta Biol. Szeged. 7. 1961. 45—64. 
Struktur und Hndigungsformen der Fasern des Nervus aorticus im Aortenbogen des Schweines. — 
Z. mikr.-anat. Forsch. 67. 1961. 409—426. 
Die mikroskopische Innervation der Herzens der Reptilien. — Acta Biol. Szeged. 7. 1961. 95—107. 
Histological, histochemical and cytological investigations on the central nervous system of some 
Insects. — XI. Entomologen Kongress. Wien. 1961. 391—393. 
1962 
Histological, histochemical and cytological examination on the swimming beetle (Dyliscus 
marginalis). Proc. Fourth Meeting Hung. Biol. Soc.. Debrecen. May 19—21. 1960 (Abstract). — Acta 
Biol. Hung. Suppl. 4. 1962. 35. 
Az interneuronalis synapsisok szerkezete az intracardialis dúcokban (Structure of the interneuro-
nal synapses in the intracardial ganglia). — Állattani Közi. 49. 1962. 171. 
Megemlékezés DARWIN KÁROLYról születésének 150. évfordulója alkalmából (Commemoration 
on the occasion of the 150th anniversary of the birth of CHARLES DARWIN). — Biol. Közi. 10. 1962. 77. 
Adatok a retina szerkezetének ismeretéhez tekintettel a stratum gangliosum idcgclcmcire (Data on 
the structur of the retina, w ith regard to the neural elements of the stratum gangliosum). — Biol. Közi. 10. 
1962. 78. 
Megemlékezés HERMAN OTTOról születésének 125 éves évfordulója alkalmából (Commemoration 
on the occasion of the 125th anniversary of the birth of OTTO HERMAN). — Biol. Közi. 10. 1962. 83. 
Consideration about the structure and function of the barorcceptors in the arterial trunks of 
mammals. Symp. Theriologicum. Brno. 1960. — Praha. 1962. 21—26. 
Die Nervenversorgung der Kranzgefasse des Herzens. — Arch. Int. Pharmacodyn. et de Therapie. 
Bruxclles. 139. 1962. 17—27. 
APÁTHY ISTVÁN (ISTVÁN A P Á T H Y ) . — O r s z . O r v . t ö r t . K t á r . K ö z i . 1 9 6 2 . 1 3 — 2 4 . 
Microscopic innervation of the human palatine tonsil. — Acta Morph. Hung. Suppl. 10. 1962. 64. 
Die intramurale Innervation des Vogelherzens. — Z. mikr.-anat. Forsch. 69. 1962. 195—216. 
Über die Struktur der Ganglien des Saugetiererherzens. — Acta Biol. Szeged. 8. 1962. 123—134. 
1963 
The structur of the intracardiac nervous system. — Acta Physiol. Hung. Suppl. 22. 1963. 3. 
A sziv koszorús ereinek mikroszkopikus beidegzése (Microscopic innervation of the coronary 
vessels of the heart). — MTA Biol. Orv. Oszt. Közi. 14. 1963. 5—14. 
A receptorok helye és szerkezete a gerincesek szivében (Position and structure of the receptors in 
the heart of vertebrates). — Állattani Közi. 50. 1963. 192. 
1938 
A synapsisok szcrkezcte a vegetativ idegrendszcrbcn (Structure of the synapses in the vegetative 
nervous system). — Biol. Közl. 11. 1963. 81. 
Stephan von APATHY 1863—1922. — Geschichte der Mikroskopie. Leben und Werk grosser 
Forscher. Frankfurt am Main. 1, 1963. 65—75. 
The structure of the interneuronal synapses in the visceral ganglion of Aplysia. — Acta Anat. Basel. 
54. 1 9 6 3 . 2 6 0 — 2 6 4 . 
Rezeptoren in der Sklera. — Anat. Anz. 113. 1963. 317—331. 
Synapses examination on the heart of vagotomised European pond tortoises. — XVI. Int. Congr, 
o f Z o o l . Proc. Washington. / . 1963. 289. 
The nerve supply of the adrenal gland in birds. — Gen. Comp. Endocrinol. New York. 3. 1963. 680. 
1964 
Histochemical investigations on the neurosecretory system of the swimming beetle (Dyliscus 
marginalis). — Zweiter Int. Kongr. für Histo- und Cytochcmie. Frankfurt am Main 16—21. August, 
1964. 
Die mikroskopische Innervation des Herzens und der Blutgefässe von Vertebraten. — Akadémiai 
Kiadó. Budapest. 1964. S. 458. Abb. 217. 5 Tafeln. 
The structure of the endoerine systems in the central nervous system of the water beetle (Dyliscus 
marginalis). — Acta Biol. Hung. Suppl. 6. 1964. 31. 
Über die Lage und Struktur der Synapsen im Herzen der Sumpschildkröte (Emys orbicularis). — 
Acta Biol. Szeged. 10. 1964. 79—86. 
Összehasonlító állatszervezettan I.—II. (Comparative study of the animal organism. Parts I.—II.) 
— Lecture notes. Tankönyvkiadó, Budapest. 1964. 1055 pages. 678 figures. 
1965 
Histological and histochemical studies on the brain of the water-beetle Dyliscus marginalis. 
Xllth Int. Congr. of Entomology. London. 8—16. July. 1964. Proc. 1965. 138—139. 
Die Struktur der Synapsen im Ganglion viscerale von Aplysia California. — Z. mikr.-anal. Forsch. 
73. 1 9 6 5 . 4 5 — 5 9 . 
Contribution to the knowledge of the nerve supply of human glomus caroticum. — Acta Morph. 
Hung. Suppl. 13. 1965. 46. 
Az összehasonlító idegszövetlani kutatások mai állása a József Attila Tudományegyetem 
Általános Állattani és Biológiai Intézetében (The present state of comparative neurohistological research 
in the Department of General Zoology and Biology of Attila József University). — M. Tud. 10. 1965. 
6 6 5 — 6 6 8 . 
The structure of the synapses in the heart of the European pond turtle I Emys orbicularis). — Symp. 
Biol. Hung. 5. 1965. 69—83. 
Mitosis of the nerve cells in the brain (Preliminary communication) (Co-author: G. TÚRY). — Z. 
mikr.-anat. Forsch. 74. 1965. 80—82. 
Endokrine Systeme im Gehirn des Schwimmkäfers IDyliscus marginalis). — Acta Biol. Szeged. II. 
1 9 6 5 . 2 4 5 — 2 5 5 . 
Emlékezés Szeged felszabadulásáról, fejlődéséről (Commemoration on liberation and 
development of Szeged). — Délmagyarország. 55/.13. 1965. január 16. 4.). 
28 
1930 
Silberverfahren zur Imprcgnalion der Elemente des Nervensystems. — Z. Mikr. 67. 1966. 
183—189. 
The influence of environmental factors on the neurosecretory activity of the water beetle (Dyliscus 
marginalis). — Rev. Roum. Biol. 2. 1966. 25—33. 
Neurosecretory activity in the brain of the water beetle (Dyliscus marginalis). . Acta Anal. Basel. 
65. 1966. 435—466. " 
Phylogenesis of the nerve cell. — In: R. HASSLER and H. STEPHAN (Eds.): Evolution of ihe 
Phylogenesis and Ontogenesis of the Forebrain. Georg Thime Verlag. Stuttgart. 1966. 259—270. 
Baroreceptors in the gastro-intestinal system of birds. — Acta Biol. Hung. 17. 1966. 402. 
Electron microscopic studies of the human glomus caroticum. — Acta Morph. Hung. 14. 1966. 
347. 
Über die Struktur und die Innervierung der Augenmuskeln der Vögel unter Berücksichtigung des 
Ganglion ciliare. (Mitarb.: A. STAMMER). — Acta Biol. Szeged. 12. 1966. 87—118. 
Nerve supply of the adrenal gland. — Acad. Bulg. Sei. V. Symp. hist. Int. Histochemie und 
Cytochemie des Lipids. Sofia. 1966. 289—304. 
Neuroanatomical studies on the central nervous system of Acrolylus insubricus (Orihopiera) H. 
STEINMANN. — Acta Biol. Hung. 17. 1966. 218. 
1967 
Die Struktur der Gehirnzentrcn des Gclbrandkâfers (Dyliscus marginalis L.). — Z. mikr.-anal. 
Forsch. 76. 1967. 4 3 6 - ^ 6 5 . 
Studies on the neurosecretory system in the brain of the water beetle (Dyliscus marginalis). Gen. 
Comp. Endocrinol. 3, 1967. 
The structure of baroreceptors in pathological conditions in man. — In: P. KEZDI (Ed.): 
Baroreceptors and Hypertension. Int. Symp. Dayton. Ohio. 16—17. November 1965. Proc. 1967. 
273—292. 16 plates. 
Electron microscope examinations on the brain of water beetle (Dyl iscus marginalis). - Acta Biol. 
Szeged. 13. 1967. 46—62. 
1968 
Species characteristics in the structure of the nervous system in the carotid body. — The Wales 
Foundation Symp. on Arterical Chcmoreceptors. Held in Oxford on 18—21 July 1966. Proc. Black well. 
Oxford. Edinborough. 1968. (Abstract). 57—64. 8 figures. 
Species characteristic in the structure of the nervous system in the carolid body. — In: R. W. 
TORRANCE (Ed.): Arterial Chcmoreceptors. — Blackwell Sci. Publ. Oxford-Edinburgh. 1968. 57—63. 
Spezielle Synapsen im Mittelhirn des Karpfens (Cyprinus carpio). — Acta Anat. Basel. 70. 1968. 
1 2 4 - 1 3 5 . 
Microscopic innervation of the heart and bloodvessels in Vertebrates including man. — Akadémiai 
Kiadó and Pergamon Press. Budapest. London. Edinburgh. New York. Toronto. Sydney. Paris. 
Braunschweig. 1968. 
Electron microscopic investigation on the human carotid body (Preliminary communication). — 
Z. mikr.-anat. Forsch. 79. 1968. 309—315. 
H E R M A N O T T Ó . a b i o l ó g u s ( O T T O HERMAN , the b i o l o g i s t ) . — A q u i l a . B u d a p e s t . 75. 1 9 6 8 . 1 1 — 1 9 . 
Electron microscopic examination on the striated muscle cells of the heart-wall of the pond tortoise 
(Emys orbicularis). — Eighth Meeting of the Hung. Biol. Soc. Proc. Biol. Hung. 19. 1968. 493. 
Elektronmikroszkópos vizsgálatok emberi carotis testeken (Electronmicroscopic examinations on 
the human carolid bodies). — Orv. tud. 19. 1968. 273—301. 
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1930 
KOLOSVARY G Á B O R . — M T u d . 76. 1 9 6 9 . 4 6 0 — 4 6 3 . 
Electron microscopic observations on the medial neurosecretory cells in the brain of the water 
beetle (Dyliscus marginal is I. — Z. mikr.-anat. Forsch. 80. 1969. 469—484. 
Elektronmikroszkópos vizsgálatok carotis testeken (Electronmicroscopic examinations of carotid 
bodies). — Állattani Közi. 56. 1969. 159. 
Ultrastructural study of carotid bodies. — Acta Morph. Hung. 17. 1969. 329. 
Microscopic innervation of the heart and blood vessels in Vertebrates including man. — 
Akadémiai Kiadó. Budapest. Pergamon Press. Oxford. 1969. 433 pages. 222 figures. 
1970 
Recherches ultrastructurales sur les terminaisons nerveuses du "corpuscule carotiden" humain. — 
Bull, de I'Assoc. No. 146. Anatomister 54c Congrès Sofia. 30 mars-3 avril 1969. 1970. 393—399. 
Eleklronmikroskopische Untersuchungen an menschlichen Karotiskörpern. — Z. mikr.-anat. 
Forsch. 81. 1970. 413—453. 
Elektronmikroszkópos vizsgálatok a mocsári teknős (Emys orbicularis) szivfalazatán 
(Electronmicroscopic examination on heart wall of Emys orbicularis). — Állattani Közi. 57. 1970. 175. 
Elektronmikroszkópos vizsgálatok a zöld varangyos béka (Bufo viridis LAUR) mellékveséjén 
(Electron-microscopic examinations on the adrenal gland of Bufo viridis LAUR). — Állattani Közi. 57. 
1970. 181. 
Light and electron microscopic observations on the nervous system of human carotid body. — 
IXth Int. Congr. Anat. Leningrad. 1970. 89. 
Ultrastructural investigations on human carotid bodies. — Acta Biol. Szeged. 16. 1970. 97—113. 
1971 
Electron microscopic observations on the neurosecretory system in the protocercbrum of the water 
beetle I Dyliscus marginalis). — Sixth Conf. of Eur. Comp. Endocrinol. Montpellier. 2—7. Aug. 1971. 
Communications. I. I. 
Ultrastruktúra vizsgálatok a csikbogár agydúcán (Ultrastructural examinations on the cerebral 
ganglion of the swimming beetle). — Magyar Path. Társ. és Magyar Anat. Hist. Embryol. Társ. Kongr. 
Pécs. 1971 május 27—29. 1971. 38. 
Historv of the Zoological Department in the University of Szeged. — Acta Biol. Szeged. 17, 1971. 
1 7 — 2 8 . 
Az élettudomány fellegvára (The acropolis of biology). — Délmagyarország. 61/91. 1971 április 
18. II. 
Anatómia — Élettan (Anatomy — Physiology. Second improved and enlarged edition) (Co-
authors: S. BENDE, J. MEGYERI). — Budapest. 1971. 629 pages. 
Electron microscopic observations on the heart of European pond tortoise (Emys orbicularis I. — 
Fourth Nat. Conf. Anat. Varna. 2—16. September 1971. Summaries of reports. 1971. 5. 
The nerve supply of the bloodvessels. — Fourth Nat. Conf. Anat. Varna. 2—16. September 1971. 
Summaries of Reports. 1971. 58. s. 
Innervation of the heart. — Atlas of Cardiovascular Pathology. Montreal. 1971. 
3 0 
1930 
Electron microscopic observations on the adrenal gland of the green load (Bufo viridis LAUR). 
Acta Biol. Szeged. 18. 1972. 223—240. 
The sensible innervation of the great vessels. — Atlas of Cardiovascular Pathology. Montreal. 
1972. 
Transformation der Mitochondrien in den Lipidzellen in der Nebenniere des Wechselkröte (Bufo 
viridis). — Z. mikr.-anat. Forsch. 86. 1972. 39—49. 
Receptorok szövettani atlasza (Histological atlas of receptors). — Akadémiai Kiadó. Budapest. 
1972. 
APÁTHY ISTVÁN. M e g e m l é k e z é s h a l á l á n a k 5 0 e s z t e n d ő s é v f o r d u l ó j a a l k a l m á b ó l (ISTVÁN A P Á T H Y . 
Commemoration on the occasion of the 50th anniversary of his death). — Acta Biol. Hung. 1972. 
1973 
My encounters with Professor C. HEYMANS. Commemoration on C. HEYMANS. Gent. 1971. — 
Arch. Int. de Pharmacodyn et de Therapie. Suppl. 202. Bruges. Belgium. 1973. 67—70. 
On the nature cell divisions adjacent to electrolytic lesion in the brain of the marsh frog. (Co-
authors: G. TORY, N. HALASZ). — Z. mikr.-anat. Forsch. 87. 1973. 65—84. 
A synapsisok szcrkczctc a fürge gyik (Laceria agilis L.) nagyagykergeben (Die Struktur der 
Synapsen in der Grosshirnrinde der Zauneidcchse ¡Laceria agilis L.ß. — Ällattani Közl. 60. 1973. 
15—24. 
Ultrastructure investigations on the cerebral cortex of the sand-lizard I Laceria agilis). Acta 
Biol. Szeged. 19. 1973. 99—116. 
1974 
ISTVAN APATHY. Tribute to his memory on the occasion of the 50th anniversary of his death. 
Acta Biol. Szeged. 20. 1974. 27—35. 
1975 
Electron microscopic investigations on the heart of the european pond turtle I Emys orbicularis). 
Indian J. Zool. 3. No. I. 1975. 1—11. 
1976 
Elektronmikroszkópos vizsgálatok a házikacsa ceromáján. különös tekintettel a Grandry-féle 
testekre (Electron microscopic examinations on the ceroma of the duck with special regard to Grandry's 
corpuscles). — Állattani Közl. 63. 1976. 15—37. 
Structure of synapses in the supraoesophagcal ganglion of the water beetle (Dyliscus marginalis). 
— Z. mikr.-anat. Forsch. 90. 1976. 226—238. 
Comparative light and electron microscopic investigations on neurosecretory cells (Co-author: A. 
STAMMER). — Int. Symp. Neurosecretory Cells. Leningrad. Abstracts. 1976. 7. 
1930 
Ultraslruclural features of the Herbst-body. — Neuron concept today. Symp. held in Tihany. 
Hungary. August 26—28, 1976. Budapest. 1977. 265. 
Fifty-five years with the neurones. — The Annals of Zoology. Part I. 13. 1977. 1—15. 
Pathológiás elváltozások emberi glomus sejteken (Pathological changes on the human glomus 
cells). — Magyar Path. Társ. Nagygyűlése. Szeged. 1977 május 25—28. Abstracts. 1977. 85. 
Ultrastruktúrális vizsgálatok Hcrbst-féle testeken (Examinations of ultrastructure on Hcrbst's 
corpuscles). — Állattani Közi. 64. 1977. 7—30. 
Halak és halászok (Fishes and fisherman) — Délmagyarország. 67/43. 1977 február 20. 6. 
1978 
Commemoration of JÓZSEF GELEÍ. on the occasion of the twenty-fifth anniversary of his death. — 
Acta Biol. Szeged. 24. 1978. 3—12. 
Az idegrendszer szerkezete az éti csiga IHelix pomalia) gastrointcstinalis rendszerében 
elektronmikroszkóp alatt (Structure of the nervous system in the gastrointestinal apparatus of Helix 
pomalia under light microscope). — A 3. Biol. Vándorgy. előadásainak ismertetése. Budapest. 1978. 
szeptember 28—30. 56. 
Light- and electron-microscopic investigations into the ccroma of ducks with particular regard to 
the Herbst corpuscles. Acta Biol. Szeged. 24. 1978. 59—88. 
Megemlékezés dr. GELEI JÓZSEKTOI halálának 25 éves évfordulója alkalmából (Commemoration of 
JÓZSEF GELEI, on the occasion of the 25th anniversary of his death). MTA Biol. Oszt. Közi. 21. 1978. 
117—126. 
Ultrastructurelle Untersuchungen an der Wachshaut von Enten unter besonderer 
Berücksichtigung der Grandryschen und Hcrbstschen Körper. Z. mikr.-anat. Forsch. 92. 1978. 
81—118. 
1979 
A receptorok helye és szerkezete a sündisznó (Erinaceus europaeusl orrabörébrn fény- és 
elektronmikroszkóp alatt (The place and structure of the receptors in the nasal skin of (he hedgehog 
Erinaceus europaeusl under the light- and electron microscope). — Állattani Közi. 66. 1979. 21—43. 
1980 
Fény- és elektronmikroszkópos vizsgálatok emberi carotis testeken (Light- and 
electronmicroscopic investigations human carotid bodies). — MTA Biol. Oszt. Közi. 23. 1980. 143—177. 
Szövettani vizsgálatok a mocsári teknős lEmys orbicularis) szívidegrendszerén (Histological 
examinations on the heart nervous system of Emys orbicularis). — A Magyar Biológiai Társaság 14. 
Vándorgyűlése és a Magyar Agrártudományi Egyesülettel közösen szervezett Agrár-biológus Nap 
előadásainak ismertetése. Kecskemét. 1980 szeptember I—3. Budapest. 1980. 51. 
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Iconography of sensory nerve endings. Akadémiai Kiadó, Budapest. 1981. 396 pages. 195 
plates. 
Fény- és elektronmikroszkópos vizsgálatok a mocsári teknöös (Emys orbicularis) szivének 
elsődleges ingertermelö központján (Light- and electronmicroscopic investigations into the primary 
impulse-generating centre in the heart of Emys orbicularis). — MTA Biol. Oszt. Közi. 24. 1981, 87 108. 
Fény- és elektronmikroszkópos vizsgálatok az éticsiga gastro-intestinalis idegrendszerén (Licht-
und Elektronenmikroskopuntersuchungen am gastroinleslinalen Ncrvensystem der Weinbergschnecke). 
— Állattani Közi. 68. 1981. 19—25. 
Light- and electron-microscopic investigations on human carotid bodies. — Z. mikr.-anat. Forsch. 
95. 1981. 33—71. 
összehasonlító fény- és elektronmikroszkópos vizsgálatok neuroszekréciós sejteken (Comparative 
light- and electronmicroscopic examinations on neurosecretoric cells), — MTA Biol. Oszt. Közi. 24. 
1981. 433—450. 
1982 
Fény- és elektronmikroszkópos vizsgálatok a mocsári teknős I Emys orbicularis) szivfalazatán 
(Licht- und elektronenmikroskopische Untersuchungen an der Herzwand der Sumpfschildkröte Emys 
orbicularis/). — Állattani Közi. 69. 1982. 33—42. 
Localisation and structure of the receptors in the snout skin of the european hedgehog (Erinaceus 
europaeusl at the level of light and electron microscopy). — Acta Morph. Hung. 30. 1982. 157—185. 
Ultrastructural investigations into the impulse-generating centre in the heart of the European pond 
turtle (Emys orbicularis). — Z. mikr.-anat. Forsch. 96. 1982. 254—268. 
1983 
Ultrastructural studies on the gastrointestinal nervous system of Helix pomalia. Acta Biol. 
Szeged. 29. 1983. 129—136. 
Light- and electron-microscopic investigations into the gastro-intestinal nervous system of the 
Vineyard snail I Helix pomalia). — Z. mikr.-anat. Forsch. 97. 1983. 688—704. 
1984 
Megemlékezés HORVÁTH ANDORról (Memorial speech about ANDOR HORVÁTH). — Malakológiai 
Tájékoztató. 4. 1984. 5—16. 
1986 
Fine structure of the neuromuscular junction in the small intestine of a telcostean fish: Tench 
(Tinea lima L.) (Co-authors: K. HALASY and I. BENEDECZKY). — Acta Morph. Hung. 34. 1986. 73—86. 
Light- and electron microscopical studies on the gastrointestinal tract of Helix pnmalia: 
Innervation of the musculatur layer (Co-authors: K. HALASY and I. BENEDECZKY). — 8th Int. Malacol. 
Congr Budapest. 1983. Proc. 1986. 95—99. 
1938 
A. Abraham's rewievs on candidates and academic doctoral theses. 
BOTÁR. GY.: A sympathicus idegsejtek élettani-morfológiai felosztása egészséges ember ganglion 
coeliacum idegsejtjeinek qualitativ és quantitativ vizsgálata alapján (Morphological-physiological 
division on the sympalhic nerve cells on the basis of the qualitative and quayntitative examinations of 
healthy human ggl. coeliacum). - Candidate's thesis. Budapest. 1954. 
ÁDÁM. GY.: Interoceptio és magatartás (Interoception and behaviour). — Doctoral thesis. 
Budapest. 1956. 
TÖRÖK. L. J.: Az idegrendszer szerepének kisérletes vizsgálata a Dugesia lugubris regenerációjában 
(Experimental examinations on the role of the nervous system in the regeneration of Dugesia lugubris). — 
Candidate's thesis. Budapest. 1959. 
SZÉKELY, GY.: Idegclcmck funkcionális specifitásának kérdése (Question of the functional 
spccility of the nerve elements). — Candidate's thesis. Budapest. 1964. 
STEINMANN. H.: Egyenesszárnyú rovarok központi idegrendszerének összehasonlitó anatómiai 
vizsgálata (Comparative anatomical examination on the central nervous system in Orthoptera). — 
Candidate's thesis. Budapest. 1966. Acta Biol. Hung. 17. 1966. 218. 
BOTÁR. GY.: A szerv beidegződés változásai (Variations in the organ-innervalion). - Budapest. 
1968. 
KHUSHDEVS. S. SUMAL: Studies on the structure and histopathology of (he central nervous system 
in the class Insecta. — Doctoral thesis. Zool. Inst. Univ. Chandigar. India. 
KANTI PRASSAD VERMA: Observations on the role of peripheral stimuli on the blood pressure in 
mammal. — Doctoral thesis. Zool. Inst. Univ. Patna. India. 
VIDIA BHUSHAM ARVASTHI: Studies on the neurosecretory system of some insects. — Doctoral 
thesis. Zool. Inst. Univ. Gorakhpur. India. 
CHAURASIA. R. C.: Studies on the innervation of the vascular structures in the thorax of some 
vertebrates. — Doctoral thesis. Zool. Inst. Bhopal. India. 
Comments on Abraham's life-work 
CSIKSZENTGYÖRGYI. J . J. (1939): ÁBRAHÁM AMBRUS Andor dr. — Hargitaváralja. Szeged. 4/20. 
1939 október 15. 574—576. 
DR. ÁBRAHÁM AMBRUS egy. ny. r. tanár dolgozószobájában. — Hargitaváralja. Szeged. 7. 1942 
augusztus 1. 
Több ismeretlen idegkészüléket fedezett fel ÁBRAHÁM AMBRUS Kossuth-dijas szegedi professzor. 
— Népakarat. 2/30. 1957 február 6. 8. 
Érdekes, új megállapítások a vese és idegbetegségek összefüggéseiről. Magyar Nemzet. 14/95. 
1958 április 23. 8. 
Szegedi tudós a vese és ídegbetegségek összefüggéseiről. — Magyar Hírek. 11/9. 1958 május 1 .11. 
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P Á L G R E G U S S LIFE A N D ACTIVITY 
(In memóriám Professor Greguss) 
PÁL G R E G U S S was born on the 3 1 st of December , in 1 8 8 9 in T o r n y a , A r a d 
coun ty . He a i t ended g r a m m a l school in A r a d , then g r a d u a t e d in Budapes t a s a 
secondary school teacher of biology and chemis t ry . D u r i n g the first Wor ld W a r he 
was a soldier w o r k i n g at the P rague Univers i ty . Af t e r c o m i n g h o m e he t augh t a t 
Teache r ' s T r a i n i n g Colleges first in C s á k t o r n y a then in Budapes t . In 1919 he 
ob ta ined a P H degree in Budapes t . S t a r t ing f r o m 1920 he worked as an ass is tant 
lecturer with p ro fes so r H O L L E N D O N N E R . In 1 9 2 7 he was a p p o i n t e d h o n o r a r y 
lecturer at Péter P á z m á n y Universi ty . In the s ame year he was en t rus t ed with the 
organ iz ing and m a n a g i n g of the Inst i tute of Botany a t the Debrecen Univers i ty . A 
year laer he was a p ro fes so r of the Teache r ' s T ra in ing College in Szeged. W h e n 
p ro fes so r I S T V Á N G Y Ö R F F Y left the Szeged Univers i ty in 1 9 4 0 . he w a s a p p o i n t e d 
p ro fes so r of the D e p a r t m e n t o f Botany o f Szeged Univers i ty . A large scale t each ing 
and research work was directed by him here for m o r e t h a n 25 years . H e did no t s t o p 
his researches even a f t e r his re t i rement ( 1 9 6 5 ) . H e was o n e of the mos t prolif ic 
H u n g a r i a n bo tan i s t s hav ing the greates t n u m b e r of publ ica t ions . 
His first p a p e r was publ i shed when 20. in 1909. S u m m i n g u p his f ru i t fu l and 
diligent research work we can find 46 books . 10 universi ty t e x t b o o k s and 254 
scientific publ ica t ions by his pen. His life is an excellent example of a scientist w h o 
a f t e r re t i rement w a n t s t o w o r k and can p r o d u c e wonde r fu l results. D u r i n g the years 
of his re t i rement he wro t e 55 paper s a n d a f t e r his 90th year , he a d d e d 6 m o r e ones . 
T w o days be fo re his dea th , at the age of 94 he still went to the D e p a r t m e n t of Botany 
where in his small s tudy he was full of p lans . 
He did researches a lmos t in every field of Botany. F r o m the 30-ies o n he s tar ted 
to deal with tree a n a t o m y and with the research of died ou t p lan t s (fossils). His 
m o n o g r a p h y (Lombleve lű fák m e g h a t á r o z á s a . K ö z é p - E u r ó p a i l o m b o s fák és 
cserjék m e g h a t á r o z á s a szövettani a l a p o n ) " X y l o t o m i c a l d e t e r m i n a t i o n o f 
d e c i d u o u s trees and s h r u b s in Midd le E u r o p e " was publ i shed in 1947 and m a d e him 
a name a m o n g the botanis ts . Then he became interested in the E x a m i n a t i o n o f 
g y m n o s p e r m o u s tree t runk and in 1955 he finished his bril l iant work (Xy lo tomischc 
B e s t i m m u n g de r heute lebenden G y m n o s p e r m e n ) " X y l o t o m i c a l d e t e r m i n a t i o n s of 
the present g y m n o s p e r m o u s trees", con t a in ing the s t ruc tu re o f xylem of 360 
g y m n o s p e r m o u s species and this work h a s become well k n o w n all over the wor ld . In 
the in te rna t iona l scientific life P R O F E S S O R P Á L G R E G U S S has b e c o m e f a m o u s first 
of all as a xylem a n a t o m i s t on the g r o u n d of his n u m e r o u s b o o k s and studies. If 
there were a c h a m p i o n s h i p in science like in spor ts , p ro fes so r G R E G U S S wou ld be on 
the top of a world table as an ana tomis t . H e spent a b o u t f o u r decades a t colleges and 
universi t ies a n d helepcd to t ra in not only teachers of biology bu t a n u m b e r of 
researches a s well w h o play a very i m p o r t a n t role in o u r present scientific life. T h e 
t hough t o f evo lu t ion was the guiding principle in his lectures. H e was suggest ive and 
clear to descr ibe the flora different geological ages. Del iver ing lectures he never 
failed to imp lan t the love of na tu re , life a n d people in his s tuden t s . H e def ined three 
1938 
t reasures in our life: love, health and knowledge. Beside his teaching and scientific 
work he took part in public affairs, too. Af te r 1956 he was the Rector of ou r 
university. It would be difficult to enumerate the medals he was awarded as an 
appreciat ion of his work . After the Kossuth Prize and Orders of Labour , he was 
awarded with the Flag Decorated Orden of the Hunga r i an People 's Respublic . 
Professor GREGUSS now would be a 100, and this is the reason why we are 
organizing the 5th of Symposium Hungar ian Plant A n a t o m y . 
N o w I wish the part icipiants of the symposium to achieve similar results as 
professor GREGUSS did in plant ana tomy and work as long as he did. 
S . G U L Y A S 
S e c : B i b l i o g r a p h y P u b l i c a t i o n s o f P R O F . D R . PAL G R E G U S S 1 9 0 9 — 1 9 8 2 . 
Acta Biol. Szeged. 31. pp. 207—214 (1985) 
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T H E V E G E T A T I O N M A P O F T H E T R I P O L I S Z U N E S C O B I O S P H E R E 
R E S E R V E C O R E AREA, K I S K U N S A G N A T I O N A L PARK, H U N G A R Y 
I. BAGI 
Department of Botany. Altila Jozsef University. H—6701 Szeged. P.O.B. 657, Hungary 
(Received: January 19, 1989) 
Abstract 
The paper presents the vegetation map. on a scale of 1:5000. o f the Tripolisz U N E S C O biosphere 
reserve core area and a short description o f the main vegetation units. A detailed analysis of the nature 
conservation problems o f the core area is also given. 
The dominant associations on the higher reliefs of the territory are Astragalo-Feslucelwn rupicolac, 
Acltilleo-Festucetum pseudovinae and Polenlillo-Festucetum pseudovinae. The majority of the deepest 
reliefs is covered by stands of Agrostio-Caricetum distantis. Astero-Agrostetum stobniferae. Agrostio-
Alopecurelum pratensis, Caricetum melanostachyae and Caricetum acutiformis-ripariae associations. 
Most of the core area is covered by halophilic plant communities adapted to the different haloecological 
conditions: the most characteristic associations are Artemisio-Festucetum pseudovinae. Lepidio-
Puccinellietum limosae and Lepidio-Camphorosmetum annuae on saline and sodic soils. The cenological 
characterization o f these associations is reported at a depth necessary for the interpretation of the units on 
the vegetation map. 
Key words: biosphere reserve, environmental conservation, halophilic vegetation, vegetation mapping, 
water management. 
Introduction 
The Tripolisz U N E S C O biosphere reserve core area is situated in territory II of the 
Kiskunság National Park (Fig. 1). It has been demarcated in the nor thernmost part of 
the National Park. Its area is close to 1 km 2 ( T Ó T I I , 1 9 8 4 : cf. B A T I S S E , 1 9 8 2 ) . 
In add i t ion to na tu r a l processes , the a n t h r o p o g e n i c impac t s have played an 
i m p o r t a n t role in the deve lopmen t of the present relief. T h e Tr ipol i sz co re area 
be longs in the flood-plain of the River D a n u b e , and therefore the mos t sweeping 
changes were caused by the i n u n d a t i o n s of the river: the loess deposi t f r om the 
glacial per iod has no t come d o w n t o us in its or iginal f o r m . D o w n w a r d s f r o m a soil 
hor izon dep th of 0 .5—1.5 m, a r iver-gravel layer can be f o u n d . T h e ope ra t ion o f the 
s u r r o u n d i n g gravel-pi ts po in t s to the existence of a very thick gravel layer under the 
sur face . Al luvium of varying width and p r i m a r y part icle compos i t i on has been 
deposi ted f r o m the receding wa te r o n t o the gravel layer (MOLNÁR. 1961; 1970; 
1977). P r io r to the highest dikings, the high water - tab le mean t tha t the lower pa r t s o f 
the co re a rea were i n u n d a t e d for mos t of the year . T h e water - tab le c a m e so close to 
the sur face tha t the g r o u n d - w a t e r occas ional ly gushed out a t t ime o f the D a n u b e ' s 
average water-level. A connec t ion between the river and the low flood-plain was 
ensured by the p r e d o m i n a n c e of the sand and gravel layers (Pf . cs i , 1959). T h e high 
canal '. buffer zone 2 
1 , 1 . buffer zone 1 
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Fig. I. Geographical localion of lerrilory II of ihe Kiskunság Nalional Park and the Tripolisz biosphere 
reserve core area. The third sketch-map shows the connection of the three map sheets (A. B. C). 
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water - t ab le affected the soils of the h igher reliefs in a n o t h e r m a n n e r : the high 
concen t r a t i on of wa te r - so lub le sod ium salts in the g r o u n d - w a t e r and their 
a ccumula t ion in the su r face layers of the soils caused the a lka l iza t ion o f the co re 
a r e a (VARALLYAY, 1965; VARALLYAY et al.. 1984). 
Pr ior t o the dikings , Lepidio-Puccinellietum a n d Lepidio-Camphorosmetum 
annuae associa t ions lived on sandy so lonchak soils. S imi lar vege ta t ion occured on 
the heavy alluvial soils o f the lower reliefs ( R A P A I C S , 1927; M O E S Z , 1940; S o o , 
1947). On the heavy al luvial soils of the higher reliefs, the Artemisio-Festucetum 
pseudovinae associa t ion lived on solonetz soil. The re were Molinietum g ra s s l ands on 
the evenly wet soils; this seems t o be verified by the survival o f Betonica officinalis in 
the terr i tory. As a result o f the s inking of the wa te r - t ab le (caused by the wa te r 
m a n a g e m e n t ) , the size of p e r m a n e n t l y water -covered a r ea s decreased , and they 
finally d i sappeared ; the so lonchak soils b e c o m e leached a n d tu rned into so lone tz 
soils; the vegeta t ion o f the higher reliefs w a s t r a n s f o r m e d into the relevant m o r e 
dryness - to le ran t types (BAGI, 1987; 1988b). 
T h e wind played a n i m p o r t a n t role in the deve lopmen t of the present relief. T h e 
long depress ion in a N W - S E di rec t ion emerged d u e to the prevai l ing nor th-wes te r ly 
wind . This seems to be verified by the emergence o f a b a y - b a r f o r m at the s o u t h -
eas tern end of this depress ion . Such a f o r m of the relief should have developed if 
there was open wa te r in the depress ion fo r a long t ime (cf. CAILLEUX, 1952). 
T h e a n t h r o p o g e n i c impac t s had an i m p o r t a n t role in the s h a p i n g of the present 
l andscape of the co re a rea . In app rox ima te ly a n o r t h - s o u t h d i rec t ion , a 3 — 4 m wide 
canal (which has long lost i ts func t ion) runs t h r o u g h the area; in ad d i t i o n to this 
wide cana l , five small cana l s run t h r o u g h the a rea in a p p r o x i m a t e l y a west-east 
d i rec t ion . Addi t iona l ly , n u m e r o u s dikes f o r m a compl ica ted ne twork . Every th ing 
po in t s to the earlier plan t o in t roduce rice cul t iva t ion t o this t e r r i to ry . 
T h e dif ference in height between the highest and deepest reliefs in the co re a rea 
is no t m o r e than 1.5 m . 
Materials and methods 
The vegetation map has been prepared on the basis o f field surveying. The mapping was 
particularly facilitated by the dikes and canals; after the determination o f their positions, the preparation 
of the map was greatly simplified. In spite of this, the exactness o f this map is poorer compared with a map 
prepared on the basis o f aerial photographs (BAGI. 1987; 1988a). However, the great number of fixed 
points permits the subsequent transfer o f the results onto an aerial photograph. 
The map is issued in the form of sheets joining without overlap. The three map sheets and their key 
are formally published as an appendix to this paper. 
In the present paper, the description of vegetation units fol lows the system and nomenclature of the 
Zurich—Montpellier Phytosociology School (BRAUN-BLANQUET, 1951), despite the fact that the 
categorization o f several transitional vegetation units (which have developed due to the intensive 
vegetational transformation processes) encountered difficulties. The denomination of the species and 
cenosystematic units accordings to the work of SoO (1973), completed with the cenological results of 
BODROGKOZY (1958; 1960: 1970). 
The map was elaborated in 1988. 
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Results 
1 . A S H O R T C H A R A C T E R I Z A T I O N O F T H E V E G E T A T I O N U N I T S 
F o r the sake o f a good a r r a n g e m e n t , the sys tem of c e n o t a x a o f the vege ta t ion 
m a p can be out l ined as fol lows; 
Cypero-Phragmitetea SOÓ 68 
Phragmilelea T X . et P R S G . 4 2 
Magnocaricelalia B R . - B L . 2 5 
Caricion gracilis SoÓ 71 
Caricetum acutiformis-ripariae SoÓ (27) 30 
— caricetosum acutiformis 
Caricetum melanostachyae 
Puccinellio-Salicornea SOÓ 68 
Festuco-Puccinellietea SoO 68 
Festuco-Puccinellietalia SoÓ 68 
Pucrinellion peisonis WENDELBG. 43 
Lepidio-Puccinellietum limosae (RAPCS. 27) SoÓ 57 
Lepidio-Camphorosmetum annuae (RAPCS. 27) SoO 57 
Junction gerardii WEN DBG. 43 
Astero-Agrostetum stoloniferae B O D R K . 6 0 
— typicum (agrostetosum stoloniferae) 
— asteretosum pannonici 
— bolboschoenetosum maritimi 
Agrostio-Caricetum distantis (RAPCS. 27) SOÓ 30 
— typicum fagrostietosum stoloniferae) 
— Carex disions faciès 
Caricetum divisae SLAVNIC 48 
Beckmannion eruciformis SoÓ 33 
Agrostio-Alopecuretum pratensis S o Ó (33) 47 
— agropyretosum repentis 
Artemisio-Festucetalia pseudovinae SoÓ 68 
Festucion pseudovinae SoO 33 
Achilleo-Festucetum pseudovinae ( M A G Y A R 28) SoÓ (33) 45 
Artemisio-Festucetum pseudovinae ( R A P C S 1 6 ) SoO (33) 45 
— typicum 
Artemisia santonicum facies 
Hordeum geniculatum facies 
Podospermum canum facies 
Festuco-Bromea B R . - B L . et T x . 4 3 
Festuco-Brometea B R . - B L . et T x . 4 3 
Festucetalia valesiacea B R . - B L . et T x . 4 3 
Festucion rupicolae SoÓ (29) 64 
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Astragalo-Festucetum rupicolae ( M A G Y A R 33) Soó (56) 64 
Potentillo-Festuceium pseudovinae ( M A G Y A R 28) Soó 50 
Cynodonto-Festucetum pseudovinae S o ó 57 
Cynodonto-Poetum angustifoliae ( R A P C S 26) Soó 57 
The lowest pa r t s of the core area are covered by Caricetum acutiformis-ripariae 
association. Its hab i ta t in the depressions is of ten completely dried out for several 
years. Therefore , a dryness tolerant caricetosum acutiformis subassociat ion has now 
developed. If the lack of water continues, the s t ands of this communi ty will 
d isappear f rom the terri tory. Towards the higher reliefs, Caricetum acutiformis-
ripariae is subst i tuated by Caricetum melanostachyae communi ty . The largest s tands 
of this communi ty can be found in a depression in the western part of the core area, 
but the communi ty is a lso extensive in the north-western and south-western par ts of 
the terri tory. The inundat ion still persists for most of the year and the high organic 
mat te r content in the surface layers of the soil saves their s tands f rom salinization. 
Bolboschoenus maritimus o r o ther species indicating increasing salinity d o not occur 
in the s tands of sedgy associations. 
Along the wide canal , the s tands of the Astero-Agrostetum stoloniferae 
associat ion are largest in the depressions dug dur ing the development of the canal 
crossing the core area in a roughly nor th-south direction. Depending on the depth of 
these depressions and dips, the subassociat ions of the Astero-Agrostetum 
communi ty have developed, adapted to the different hydro- and haloecological 
condit ions; these subassocia t ions involve bolhoschoenetosum maritimi in the deepest 
depressions, asteretosum pannonici in the intermediate ones, and agrostetosum 
stoloniferae in the higher depressions. 
An impor t an t environmental protection problem results f rom the development 
of Astero-Agrostetum under such an an th ropogen ic effect; the Caricetum 
communit ies of the saline plains could not be restored by the scouring of the 
depressions and the simple sinking of their original habi tats . After these 
interventions, not the anticipated Caricetum associat ions would develop, but 
Bolboschoenetum maritimi o r (on the not so deep par t s of the terri tory) the Astero-
Agrostetum communi ty . T h e protection of the Caricetum communi t ies may be 
solved by delaying the organogenic sedimentat ion, i. e. the mowing and removal of 
the biomass. 
The Agrostio-Caricetum distantis association grows on the less salt-affected 
soil. The high organic mat te r content and the less heavy soil are very impor tan t for 
the development of this vegetation type. This hydrophi lous communi ty occurs in 
small patches in the western part of the core area; a larger s tand can be found in the 
north-eastern par t of the core area. T h e survival of the typicum and Carex distans 
facies of this communi ty depends on the stabilization of the water relations. 
On similar reliefs, but with more heavy soil, an Agropyron repens and an 
Agropyron intermedium facies of the Agrostio-Caricetum distantis communi ty have 
developed. It would be better to consider these s tands as the agropyretosum repentis 
subassociat ion of the Agrostio-Alopecuretum pratensis communi ty because the soil 
is close to a typical solonetz ( B O D R O G K O Z Y , 1970). These s tands are almost 
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identical with those described in the Kisapaj core area . Those s tands were in 
successional connect ion ( towards the deeper reliefs) with the typical Agrostio-
Alopecuretum association ( B A G I . 1987). An especially high similarity is observed 
between the Kisapa j s tands and a large eastern s tand at Tripolisz. This vegetat ion 
type can be found in smaller o r larger patches in all par ts of the corc a rea ; it 
sometimes fo rms zones encircling the deeper parts. T h e terri torial dis tr ibution of the 
Agropyron species is characterist ic: Agropyron repens is more f requent in the eas tern 
and central parts , while Agropyron intermedium f o r m s large s tands in the south-
western par t of the core area. 
The s tands of the Lepidio-Puccinellietum limosae communi ty lie only on the 
western side of the wide canal . They grow in the greatest extents in the western par t 
of the core area and outs ide its boundary . For the effective protect ion of these 
stands, movement of the boundary to the west would be reasonable . The Lepidio-
Puccinellietum communi ty is connected to the Artemisio-Festucetum c o m m u n i t y of 
higher reliefs with a berm 40—60 cm in height. In the contac t zone, a Lepidio-
Camphorosmetum associat ion has developed a long the berms. These alkal ine be rms 
have scenic significance; the protection of this unique landscape is a very i m p o r t a n t 
task. 
In the central par t of the core area , the s tands of Caricetum divisae c o m m u n i t y 
can be found in the con tac t zone of Lepido-Puccinellietum and Artemisio-
Festucetum communi t ies . Consequent ly , some of the s tands conta ins e lements of 
Junction gerardii, while o thers contain Festucion pseudovinae. Typical s tands of the 
association are circumscribed to a small area. 
T o w a r d s the higher reliefs, the Lepidio-Puccinellietum associat ion is 
subst i tuted by Artemisio-Festucetum pseudovinae associa t ion. W h e r e the two 
communit ies a re not separated by berms, transit ional s tands have developed. 
The major i ty of the mapped territory is covered by the Artemisio-Festucetum 
pseudovinae associat ion. Especially large s tands can be found in the eastern pa r t of 
the core area. This part is of scenic significance, and therefore its protect ion is 
needed. The associat ion is to lerant towards an thropogenic impacts and grazing. It is 
endangered only by a fu r the r decrease in the water- table. This is why one of the mos t 
impor tant needs is the maintence of the water- table at the required level. 
In the western par t of the core area, a Hordeum geniculatum facies of the 
Artemisio-Festucetum associat ion has developed on transi t ional so lonchak-
solonetz soil at the deeper par ts of this communi ty type. In the o ther par ts of the core 
area, due to the more heavy soil, the typical Artemisio-Festucetum is connected to 
the o ther associat ions of deeper reliefs, with a Podosperum canum facies of the 
Artemisio-Festucetum. T h e s tands of this facies form wide zones on the gently 
sloping territories. At the t ime of flowering, the typical s t ands of w o r m w o o d saline 
plain association a re su r rounded by the flowery fields of Podosperum canum. 
The stands of Artemisio-Festucetum connected with the higher reliefs show 
strongly degradat ive characteristics indicative of the salt ou twash ing f rom the soil of 
the higher reliefs; there is a decrease in the coverage of Festuca pseudovina and 
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Artemisia santonicum fo rms facies. In the open grassy Artemisio-Festucetum 
pseudovinae, Bromus mollis appea r s with high coverage (BAGI, 1988b). 
T o w a r d s the higher reliefs, transitional s tands of Artemisio-Festucetum and 
Achilleo-Festucetum pseudovinae have developed on leached soils. These units show 
a degradat ive character . The ubiqui tous weeds (primarily Bromus mollis) have a 
high coverage. These degraded territories can be found near the nor thern and 
southern boundar ies of the core area, fo rming strips abou t 50—60 m wide. 
In the highest reliefs of the core area , elements of three basic associat ions 
(Achilleo-Festucetum pseudovinae. Potentillo-Festucetum pseudovinae and 
Astragalo-Festucetum rupicolae) can be recognized. The an thropogenic , strongly 
degradat ive Cynodonto-Poetum angustifoliae and Cynodonto-Festucetum 
pseudovinae a re often associated with them. These associat ions form transit ions. 
Exceptional in this respect is the vegetation of a steeply pro tuberan t , isolated ridge 
with its typical Potentillo-Festucetum and Astragalo-Festucetum rupicolae 
associat ions in the south-western par t of the core area. This is su r rounded by s tands 
of the Lepidio-Puccinellietum associat ion. A small popula t ion of Iris pumila can be 
found only here within the core area. Unfor tuna te ly , another ridge in a similar 
posit ion has degraded vegetation. Therefore , the undis turbed terr i tory needs 
increased protect ion. 
The size of territories with degraded vegetation is well reflected by the 
occurence of Bromus mollis. Its coverage may be high in the Achilleo-. Potentillo-
and Artemisio-Festucetum associations. T h e s t ands of vegetation with a high 
coverage of Poa angustifolia can also be regarded as degradative. 
2 . R E C O M M E N D A T I O N S F O R P R O T E C T I O N O F T H E V E G E T A T I O N A N D U T I L I Z A T I O N 
O F T H E C O R F . A R E A 
The lack of water is the general factor which seriously affects every communi ty . 
Moreover , the shor t - term survival of some communi t ies is endangered. T h e lack of 
water has two components : the lack of surface water and the increased sinking of the 
water- table. There is no practical solution to the problem of the lack of surface water 
because there is no appropr ia t e canal near the core area f rom which the lack of 
rainfall could be compensa ted . T h e most impor tan t causes of the s inking of the 
water- table can be ascribed to the inappropr ia te water management (BAGI, 1988b). 
The water -consuming effect of the sur rounding gravel-pits is also appreciable (cf. 
H E R K E , 1983). T h e gravel-pits are expand ing towards the core area . The 
au thor iza t ion of new pits nearer the core area is undesirable. Besides the effects of 
these pits on the water-table, the noise and air pollution are also d i sadvantageous 
for the terri tory. 
In the territory, there is a complicated network of disused canals. They a re 
really incongrous scenically. but their levelling is not a feasible propos i t ion . T h e 
reparat ion work would have harmful effects on the vegetation, and for years 
subsequently only ruderal vegetation would develop in place of the canals. Fur ther , 
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the terr i tor ies separa ted f rom o n e a n o t h e r by c a n a l s m a y be the objec ts of isolated 
exper imen ta l invest igat ions. It is a lso of i m p o r t a n c e tha t the cana l s d o no t permi t 
vehicles to be dr iven across the co re a r ea . T h e p r o b l e m of such passage ar ises 
s t rongly in the earl ier s tudied core a r ea s (BAGI, 1987; 1988a). 
T h e na tu ra l depress ion (or iented in a N W — S E di rec t ion)d iv ides the co re a r e a 
into two pa r t s which differ significantly f rom o n e a n o t h e r . T h e large s t a n d s o f 
Artemisio-Fesluceium and Agrostio-Alopecuretum agropyretosum need increased 
pro tec t ion on the eas tern side. These large vegeta t ional b locks a re ab le to preserve 
the b iocenoses charac ter is t ic o f them. T h e d o m i n a n t associa t ion on the wes tern side 
is Lepidio-Puccinellietum limosae. U n f o r t u n a t e l y , a s ignif icant p r o p o r t i o n o f this 
c o m m u n i t y is ou ts ide the dec la re core a rea . If these terr i tor ies were a n n e x e d t o the 
co re area , the a rea would not be m o r e than 2 0 % bigger. Hereby , ter r i tory with 
increased pro tec t ion would be f o r m e d , in which two such charac te r i s t i c 
c o m m u n i t i e s of the H u n g a r i a n saline plains as Artemisio-Festucetum pseudovinae 
a n d Lepidio-Puccinellietum limosae wou ld have closely s imi lar extents . 
T h e mos t urgent env i ronmen ta l t asks r equ i re not a local, bu t a regional 
so lu t ion . At the s ame t ime, local measures are needed to p reven t the i m p a i r m e n t o f 
the vegeta t ion f r o m reaching such a degree t ha t the d e g r a d a t i v e processes b e c o m e 
irreversible. 
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Appendix 
Key for identification of the units of the vegetation map of the Tripolisz UNESCO biosphere 
reserve core area: I. Caricelum acutiformis-ripariae caricelosum acutiformis; 2. Cariceium 
melanoslachyae: 3. Astero-Agrostetum sloloniferae Bolboschoenus marilimus facies; 4. Astero-
Agrostetum typicum; 5. Agroslio-Caricetum distantis; 6. Agroslio-Alopecuretum praiensis agropyrelosum 
repemis: 7. Lepidio-Camphorosmelum annuue: 8. Lepidio-Puccineltieturn iimosae; 9. Caricelum divisae; 
10. Arlemisio-Feslucelum pseudovinae x lepidio-Puccinellielum Iimosae; II. Arlemisio-Feslucelum 
pseudovinae typicum: 12. Arlemisio-Feslucelum Hordeum geniculatum facies; 13. Ariemisio-Fesiucetum 
Podosperum canum facies; 14. Arlemisio-Feslucelum Artemisia santonicum facies: 15. Ariemisio-
Fesiucetum x Achilleo-Festucetwn: 16. AchiHeo-Festucetum; 17. Achilleo-Festucetum \ Potentillo Feslu-
celum: 18. Potentillo-Festucetum pseudovinae; 19. Aslragalo-Festucetum rupicolae; 20. Bromus mollis 
facies: 21. Poa angusiifolia facies. 
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Abstract 
In this paper the firsl structural model for the basic biopolymer skeleton of the sporopollenin is 
presented. Modeling the biopolymer system of the sporoderm is based on the T E M result of partially 
degraded exines. This first structural approach offers new aspects for the further experiments for 
degradation, in particular concerning the solvents used. 
Key words: Sporopollenin. biopolymer skeleton, structural model. 
Introduction 
For the b iopo lymer o rgan iza t ion of the spore-pol len wall several s tages were 
es tabl ished ( K E D V E S , 1987a). As the basic b iopo lymer unit of the s p o r o d e r m . a 
regular pen tagona l figure o f A d imens ion (8—12 A ) f o rming a quasi -crys ta l lo id 
latt ice was f o u n d ( K E D V E S , 1988). T h e highly o rgan ized levels m a y be of different 
types in n a n o m e t e r d imens ion (e. g.: helical, R O W L E Y et al. 1980, 1981, tubu la r , 
R O W L E Y et al . 1987, g ranu la r , K E D V E S et al . 1974. i r regular po lygona l , 
S O U T H W O R T H . 1985, 1986, etc.) . 
In spite of these ach ievements , a cons tan t need is felt to find an a d e q u a t e model 
which would organize o u r n o t i o n s on the sporopol len in in to a coheren t scheme. O u r 
hope is tha t the present con t r i bu t i on will be a first s tep in this d i rec t ion . T h e 
s t ruc tura l model p r o p o s e d here is based on e lementary s t e r eochemica l 
cons idera t ions . 
The model and its consequences 
O u r s ta r t ing point is a polycyclic a lkane molecule of near ly spherical f o r m , 
called a d o d e c a h e d r a n e ( B A R T O N , 1979). Th i s n a m e refers t o its geomet ry , as the 
c a r b o n a t o m s are located in the vert ices of a regular p e n t a g o n a l d o d e c a h e d r o n . T h e 
lat ter is one of the five regular (Platonic) solids ( C O X E T E R , 1961): it has twelve 
regular pen tagona l faces and twenty vertices such tha t each vertex is connec t ed t o 
three ad jacen t vert ices (Fig. l a ) . T h u s , every edge c o r r e s p o n d s to a C — C b o n d a n d 
the fou r th valency of the C a t o m s is directed o u t w a r d s each b o n d i n g a hydrogen 
a t o m (not indicated , by conven t ion , in Fig. la) . 
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Each face of this C 2 0 H 2 0 molecule can be regarded as a cyclopentane skeleton 
with perfect pentagonal symmetry (Fig. lb) (accepting for simplicity, or as a first 
approx imat ion that the dodecahedrane molecule exhibits full icosahedral sym-
metry, i. e. its symmetry g roup is Yh). In this case at the C — C bonds an angle strain 
of 1 28' occurs which corresponds to the difference between the tetrahedral angle 
109 28' and the inner angle 108 of a regular pen tagon . 
Fig. 1. The regular pentagonal dodecahedron: the skeleton of the dodecahedrane molecule (a) and one of 
its faces (b) with the characteristic bond angle indicated. 
Before passing over to the next organizat ion level, we refer to a geometr ic 
peculiarity of the regular pentagonal dodecahedron , namely that a ( regular) 
te t rahedron can be inscribed in a manner shown in Fig. 2. The consequence is that 
we have addi t ional tetrahedral bonding directions. The next step is to link five 
dodecahedrane molecules together a long these direct ions forming a larger 
pentagonal unit (Fig. 3). 
We have taken the liberty of naming this large-sized pentagonal unit giving it 
the name pentasporane. 
The consequences deduced from our model are as follows. 
1. The first and perhaps the most impor tant fact to an experimentalist is the size 
of the pen tasporane unit. It is rather close to 12 A as one can easily check on Fig. 3 
supposing the well-known C — C bond length of 1.54 A . Thus , this unit can be 
identified with that earlier called "quasi-crystalloid p e n t a g o n " and considered to be 
the primary building block of the sporopollenin s t ructure . 
2. T h e building principle described above can be applied in an iterative manner . 
For, s tart ing f rom a small pentagon (of the cyclopentane) we obta ined a larger 
pentagon (the pentasporane) . Bui this new pen tagon can also be organized into a 
larger dodecahedra l unit and hence an even larger pentagon can be obta ined , and so 
for th (but not ad infinitum, see below). 
3. We find it reasonable to suppose our model units may well explain var ious 
o ther morphological elements found in T E M pictures at different organiza t ion 
levels, like for example helical substructures. W o r k in this direction is in progress. 
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Fig. 3. A pentagonal unit built of dodecahedrane molecules (the latter being represented, for simplicity, as 
polyhedra with non-transparent faces). 
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4. D o d e c a h e d r a n e m a y be t hough t of as b reak ing d o w n in to va r ious acyclic 
and cyclic a l k a n e c o m p o n e n t s in n u m e r o u s d i f f e ren t ways , l ike e. g. t o 2 
cyc lopen tane + 1 decane ( " sandwich- l ike d e c o m p o s i t i o n " ) , or to 5 bu tanes , o r to 2 
m e t h a n e s + 3 2 ,3 -d imethy l -bu tanes , etc. This a n d the pr inciple "s imil ia s imi l ibus 
s o l v u n t u r " suggest tha t s imple sa tu ra t ed h y d r o c a r b o n s related to d o d e c a h e d r a n e in 
this way may serve as su i tab le so lvents for the usual d e g r a d a t i o n expe r imen t s . 
5. As ment ioned above , the suppos i t ion of perfect ( i cosahedra l , Y h ) s y m m e t r y 
in the d o d e c a h e d r a n e unit implies 1°28' angle s t ra in per o n e C — C b o n d . T h i s s t ra in 
accumula t e s as the o r g a n i z a t i o n proceeds pass ing o v e r to h igher levels. F o r 
example , fo r the d o d e c a h e d r a n e it a m o u n t s to 44°. Th i s va lue in the p e n t a s p o r a n e 
will be mult ipl ied by five and comple t ed by 5x 1 ° 2 8 ' = 7"20' (due t o the b o n d s l inking 
toge ther the dodecahed ra l units): a l toge ther 227°20 ' . It is c lear t ha t the c u m u l a t i v e 
s t rain tends to destabi l ize the sys tem and this is w h y o u r bu i ld ing pr inciple d o e s no t 
work beyond all l imits (cf. the end o f pa rag raph 2). 
However , o n e can s u p p o s e tha t elements of a lower degree of o r g a n i z a t i o n can 
to lera te a m o d e r a t e a m o u n t of s t ra in , and are even in a me tas t ab le s ta te o f long 
lifetime (in fac t , in te rca la ted units , such as filaments, etc. m a y c o n t r i b u t e to the 
s tabi l izat ion (KEDVES, 1989). 
A pecul iar p h e n o m e n o n descr ibed earlier (KEDVES, 1987b) m a y be exp la ined 
by the suppos i t ion o f ceas ing this endurance , n am e ly the explos ion of the pol len 
gra ins under s cann ing effect. T h e energy fed in to the spec imen by the s c a n n i n g 
e lect ron beam can release the built-in strain in a conce r t ed m a n n e r , by s y n c h r o n o u s 
open ing of the C — C b o n d s . (This process, in some of its fea tures , s h o w s close 
resemblance to the ab la t ion effect of polymers u n d e r laser i r rad ia t ion ( K i s s a n d 
SIMON, 1988). P e r h a p s explosion of a single d o d e c a h e d r a n e unit ( " m o l e c u l a r 
exp los ion" ) is sufficient to ini t iate the whole exp los ion . 
Conclusions 
T h e need fo r s t ruc tu ra l model ing the b i o p o l y m e r o rgan iza t ion of the 
s p o r o d e r m was emphas ized above . T h e present a t t e m p t is the first o n e in this 
respect . It resulted in new suppos i t ions , a s well as sugges t ions fo r the par t i a l 
des t ruc t ion of the s p o r o d e r m . In this w a y we h o p e t o get direct ( T E M ) d a t a a b o u t 
the higher o rgan ized (e. g. helical) units . The la t ter , in tu rn , wou ld serve as a s t a r t i n g 
point fo r f u r t h e r s t ruc tura l mode l ing based on the concep t s i n t roduced here . 
This w o r k was s u p p o r t e d by the grant O T K A I I—24/88 . 
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Abstract 
In this paper a new comprehensive model is presented for the biopolymer organization of the 
sporoderm. The basic biopolymer unit is bordered by regular polygons, which forms a quasi-crystalloid 
skeleton. On the basis of our up-to-date knowledge, three degrees may be distinguished at the highly 
organized biopolymer units of the sporoderm. 
Key words: sporopollenin. biopolymer, quasi-crystalloid structure, organizations model. 
Introduction 
T h e extremely resis tant subs tance of the wall of the spores and pollen g ra ins 
has been the subjec t fo r a long t ime of several kind of inves t iga t ions . T h e first d a t a 
on the chemis t ry of the s p o r o d e r m were publ i shed by J O H N (1814) and B R A C O N N O T 
(1829). Later , in the thir t ies Z E T Z S C H E and his c o l l a b o r a t o r s achieved i m p o r t a n t 
results in the e l abo ra t i on o f several p rob lems in detail . F o r example , Z E T Z S C H E a n d 
K A L I N (1931) es tabl ished the a u t o x y d a t i o n o f the spo ropo l l en in . in consequence o f 
i l luminat ion . The first, so-called classical results were reviewed by T O M S O V I C 
(1960), and fol lowing this concep t , the sporopol len in is a highly polymer ized te rpene 
der iva te . similar to the cu t in . La te r , B R O O K S and S H A W (1986a, b) f u n d a m e n t a l l y 
changed the earl ier concep t s , a n d established the basic i m p o r t a n c e of the (5 ca ro t ene 
and its esters in the b iosynthes is of the sporopol len in . B R O O K S a n d S H A W (1978) 
emphas ized tha t p r o b a b l y the sporopol len in is the mos t resis tant o rgan ic ma t t e r , 
o r ig ina ted direct ly in biological way. T h e mos t i m p o r t a n t m o d e r n c o n c e p t s 
conce rn ing the chemis t ry o f the sporopol len in m a y be s u m m a r i z e d as fol lows: 
1. T h e basic c o m p o u n d s of the sporopol len in on the one h a n d are p c a r o t e n e 
and the oxidiz ing esters of ca ro teno ids . and on the o t h e r h a n d a r o m a t i c lignin 
der ivates . T h e lignin der iva tes a re of s tabi l izator impor t ance : cf. M A N S K A Y A et al . 
(1973). 
2. Newly, the p r e c u r s o r impor t ance of the pheny la lan ine was es tabl ished at the 
pol len gra ins of the genus Tulipa by RlTTSCHER et al. (1987). S t ruc tura l ly in tegra ted 
phenol der ivates were f o u n d a f t e r the quan t i t a t ive analys is of the sporopo l l en in 
isolated f rom the pol len g ra ins of Pinus genus; SCHULZE et al . (1987). 
3. L ipopo lysaccha r ide filaments, embedded in the exine, were descr ibed by 
ROWLEY (1975). 
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4. Concern ing the lipid f ract ions of the recent and fossil spo romorphs . a pape r 
by D U N G W O R T H et al. (1971) is impor tan t .Carbohydra tes . alcohols and fat ty acids 
were the componen t s of the extracts. 
5. Silicons, cat ions, in all probabili ty in organic binding are present in the 
sporoderm. R O W L E Y ( 1 9 7 1 ) published about the thor ium accumula t ion on the 
surface of the sporoderm. 
6. The chemical c o m p o u n d s of the different exine layers are not identical; cf. 
F O R D ( 1 9 7 1 ) . 
7. In connect ion with the diagenesis of the sporopol lenin . the accumula t ion of 
the lignin derivates may be stressed; cf. P O T O N L F C and R E H N E L T (1971). 
Resuming the knowledge of the chemistry of the sporopol lenin may not be 
taken as a settled quest ion, several new results may be presumed. Concern ing the 
new trends of investigations, the electrostatic charge of the spo rode rm surface may 
be pointed out , as a part icularly interesting problem. Probably , the ci tat ion, taken 
f rom the paper of G U I L F O R D et al. ( 1 9 8 8 ) well represents the present day s ta tement 
of this quest ion; p. 135: "Sporopol lenin is therefore a class of b iopolymers ra ther 
than a single, homogeneous macromolecule. The appea rance of the spectra is m o r e 
support ive of a fa t ty acid precursor (long sa tura ted al iphat ic chains, low olefinic 
intensity) than of a carotenoid precursor (significant qua te rnary olefinic intensity 
and methyl intensity). Indeed, only the spectrum f rom the Lycopodium spores 
showed a substantial similarity to that from polymerized [5-carotene (spectrum not 
shown)" . 
Regarding the physical characterist ic features of the spore and pollen wall, the 
following may be pointed out : R O W L E Y and F L Y N N ( 1 9 6 4 ) established the 
migrat ion of l an than ium through the pollen wall, not only in the aper tura l region. 
R O W L E Y and S O U T H W O R T H ( 1 9 6 7 ) in connection with the deposi t ion of the 
sporopollenin on unit membranes supposed a "paracrys ta l l ine molecular sys tem." 
O n the basis of the previous results (migration of the cations, colloidal iron, l an than . 
colours as Alcian blue. Ruthenium red) R O W L E Y ( 1 9 7 3 ) concluded that exine may 
be taken as a molecular sieve. R O W L E Y ( 1 9 7 1 ) established that the p ro top lasm of the 
pollen tetrades is composed of unit membranes ( abou t 200 A thick) the elemental 
units of the m e m b r a n e s are fibrils, which adsorbs the cat ions. The exine surface 
covering layer, the glycocalyx adsorbs thorium and o ther cat ions justif iying the 
anionic charac ter of the surface. 
The first knowledge abou t the molecular s t ructure of the sporoderm was based 
on results got with indirect methods . Worth of ment ion ing are the papers by S L T T E 
(1960), F R E Y T A G (1964) and others . The methodical basis of the above ment ioned 
researches was the optical anisotropy. The first results obta ined with direct , 
t ransmission electron-microscope me thod were published by A F Z F . L I U S et al. 
(1954). and A F Z E L I U S (1956). These early results raised two concepts for the 
molecular organizat ion: the lamellar and the fibrillar respectively. R O W L E Y and 
S O U T H W O R T H (1967) described the deposit ion of the sporopol lenin on unit 
membranes . Fol lowing R O W L E Y (1967) the lamellae a re of ten composed of five 
granules, and the d iameter of these subunits is approximat ivcly 2 nm. F L Y N N and 
Q U A S I - C RYSTALLOID BIOPOLYMER S T R U C T U R E S 61 
R O W L E Y (1972) es tabl ished tha t the pr imexine is a matr ix of po lysacchar ids , its 
chemis t ry dif fers f r o m the radial ly or iented probacu l i . K E D V E S et al. (1974) 
descr ibed spher ical sporopol len in b iopo lymer uni t s f r o m part ial ly d e g r a d e d exines 
du r ing the t a p h o n o m i c a l processes of a n g i o s p e r m exines of the Lower Eocene layers 
of Mississippi . R O W L E Y (1975) publ i shed l ipopolysacchar ide f i laments f o r m the 
exine, a n d conc luded tha t sporopol len in may not be t aken a s the single c o m p o n e n t 
of the exine. It is interest ing tha t he ob ta ined these l ipopolysacchar ide filaments by 
dissolving the exine in hot a m i n o e t h a n o l , and a q u o u s pheno l so lu t ion . R O W L E Y et 
al . (1980) pub l i shed the helical sub-un i t s o f the exine. Th i s p a p e r was fo l lowed by 
several pub l i ca t ions of s imilar subject . S O U T H W O R T H (1985a) emphas ized tha t to 
visualize the exine subuni t s it is necessary to d e g r a d e part ia l ly the exine. She 
descr ibed g r a n u l a r uni ts f r o m the exine of Lilium longifioruin T H U N B . , which a re 
c o m p o s e d of i r regular pen tagons . In a n o t h e r publ ica t ion she (1985b) pub l i shed 
similar results , ob ta ined d u r i n g the researches on the exine of Fagus sylvatica L., and 
r e m a r k e d tha t it was not possible to observe helical s t ruc tures . Later , S O U T H W O R T I I 
(1986b) es tabl ished tha t the three c o m p o n e n t s of the sporopol len in a re o f d i f ferent 
solubil i ty, and emphas ized tha t there a re n u m e r o u s d a t a in oppos i t ion to the helical 
mode l , bu t a s for an o p p o r t u n i t y she raised tha t some of the geometr ica l po lygons 
may be f o r m arcus . T h e p a p e r of H E S S E (1985) is i m p o r t a n t , because he descr ibed, 
a l t h o u g h f rom the sur face spherical s t ruc tu res o f 70—80 n m wi thou t exper imen ta l 
d e g r a d a t i o n . 
T h e a im of the present p a p e r is the fol lowing: 
T h e synthesis of o u r present d a y knowledge a b o u t the b iopo lymer sys tem and 
its o rgan iza t ion of the s p o r o d e r m , revealed by par t ia l deg rada t i on u n d e r na tu r a l o r 
exper imenta l cond i t ions . 
Results and discussion 
Fig. I summar i ze s the mos t i m p o r t a n t types of o u r model fo r the o rgan iza t ion 
levels of the sporopo l l en in . It seemed to be pract ical to dis t inguish str ict ly the 
p recursors , which be invest igated with chemical m e t h o d s , f r o m the b iopo lymer 
uni t s which a re de tec table with the t ransmiss ion e lec t ron-microscope m e t h o d . On 
the basis o f the concepts , discussed rough ly in the i n t roduc t ion , it is c lear tha t the 
p r o b l e m of the chemical c o m p o s i t i o n of the spore-pol len wall is newly a l so very 
compl i ca t ed , with several oppos ing concepts . In this way as symbols , the fo rmu le s 
of the c a r o t e n o i d , ca ro t eno id ester ( B R O O K S and S H A W , 1 9 7 3 ) a n d a pa r t o f the 
lignin molecule ( M E T Z N E R , 1 9 7 3 , fo l lowing the b o o k of T I S S O T and W E L T E , 1 9 8 4 ) 
are shown in fig. 1. 
R O W L E Y and F L Y N N (ex A B A D I E et al., 1 9 8 6 — 8 7 ) publ ished its model l and 
d is t inguished two phases : 
1. T h e exine on togeny ; which include Ihe ini t iat ion of the p r e c u r s o r s of the 
sporopo l l en in , a n d the po lymer iza t ion o f the precursors . 
2. T h e s u b s t r u c t u r e of the exine: T h e phase , which fol lows the po lymer iza t ion , 
this is essential ly the field of o u r invest igat ion. 
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A m o n g the results obta ined so far by different me thods those of the part ial ly 
degraded exine of Taxus baccaiu L. ( K E D V E S . 1987) may be regarded as impor t an t 
in this respect. After experiment the originally lamellar endexine got a network-l ike 
structure, a m o n g which regular pentagonal polygon units may also be recognized 
(p. 164. lig. 2). The diameter of these units is 8—12 A. In this way, taking into 
considerat ion the model of R O W L E Y and F L Y N N (cf. ABADIE et a!., 1986—87), 
ment ioned previously, in the organizat ion series, a f t e r the exine ontogeny the basic 
biopolymer unit is the following, and f rom this may originate fur ther subs t ruc tures 
of the exine. Later the quasi-crystalloid character of the pentagonal basic units was 
published. K E D V E S (1988). This raises fundamenta l ly the problems of symmetry in 
this relation. In this paper we shortly touch this problem, because n u m e r o u s fu r the r 
researches are in progress, o r a p rogram under e labora t ion . The writer, before 
recognizing the results of Mathemat ics and Crys ta l lography, a t tached to this 
problem, as a model in the au tumn of 1987, Fig. 2. was compiled, which was 
natural ly based on results obtained of the partially degraded exines of the pollen 
grains. In this manner on a completely different basis I came essentially to the same 
Fig. I. 
The organization levels o f the sporopollenin. 
Among the chemical compounds the part of the lignin molecule follows METZNER (1973) from the book 
o f TISSOT a n d WELTE ( 1 9 8 4 ) . C a r o t e n o i d a n d c a r o t e n o i d e s t e r , a f t e r BROOKS a n d SHAW ( 1 9 7 3 ) . 
I — Scheme of the basic molecular unit o f regular pentagonal symmetry. At the vertices there are 
spherical units, connected with tiny arms. In the central point there is also a spherical unit, which 
differs in electron density from the above mentioned, similarly spherical units. 
2.5 — Molecular interpretation of the lamellar ultrastrueture. The central spherical units are ordered in 
lines, in consequence of the alternative disposition of the basic biopolymer units. The streaked, 
regular change of the electron density of the central molecular units results in submicroscopical 
lamellae. 
9 — Batmeiopsis limbatus (BALME 1957) ARCHANGELSKY 1977. Schematic drawing from the picture of the 
exine. The cctexine is composed mostly from isodiametric elements, which anastomose, forming 
irregular structures. The endexine is lamellar inside the larger lamella, there are more, not so 
characteristic narrower lamellae. ECT - cctcxinc. E N D - endexine. 
6 — Scheme of the presumed molecular structure of one elemcntar part of the helical and tubular subunit. 
10 — Scheme, redrawn from the paper of ROWLEY (1981, p. 359, fig. I) — "Wire-wound model of a 
portion of a "tuft" unit of the exine." (ROWLEY, 1981. p. 358). 
3 — Scheme based on the results published by KF.DVES et al. (1974) from the spherical biopolymer units of 
15—30 A in diameter. 
7 - Ordered or disordered heap of the units represented in the above discussed scheme (3). 
II — Spherical units of nanometer dimension, on the basis o f our up-to-date knowledge forming 
combined izodiamctric units. Scheme based on the publication of HESSE (1985). 
4 — Molecular scheme of the irregular polygons in nanometer dimension. In consequence of the 
dissolution of the regular and or irregular biopolymer skeleton, holes appear in the exine. 
8 — Scheme of the quasi-crystalloid structure of the polygons of nanometer dimension. 
12a Drawing made from fig. 8, p. 66 of SOUTHWORTH (1986b): "Juniperus communis extracted 16 min. 
Arms protrude at open polygons: single and compound polygons occur." 
12b Drawing made from fig. 7, p. 66 of SOUTH WORTH (1986b): "Fagus sylvaticu extracted 16 min. 
showing angular open polygons with arms protruding at the surface." s. p. = single polygon, c. p. 
= compound polygon, o. p. = open polygon. 
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lOnm 
carotenoid ester 
O H C - F R 
H O - C H J - C - O -
H — C - O H 
carotenoid 
HOCHJ-CH 
par t of a l ignin molecule 
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result, which was published earlier by mathemat ic ians , crysta l lographers , and 
chemists. Recently f rom the so-called "non-biological p a p e r s " the following were 
taken into considerat ion: M A C K A Y (1976. 1981), P E N R O S E (1979), S O N 1 N (1981), 
B U R S I L L and P E N G J u LIN (1985), S A C H D E V and N E L S O N (1985), A U D 1 F . R and 
D U Y O T (1986), G E V A Y (1986), H E I L B R O N N E R (1986), N E L S O N (1986), 
O ' H A N D L E Y (1987), S C H N E E R (1988). In connect ion with the evolut ionary 
symmetry of the early angiosperm flower, very valuable in fo rmat ion was publ ished 
by E N D R E S S (1987). 
Using several modified variants of the M a r k h a m ro ta t ion (cf. HoRNE and 
MARKHAM, 1972) concerning the symmetry of the b iopolymer organiza t ion of the 
sporoderm. several new results were obta ined. A t present , that of the regular 
pentagonal polygons as basic units of the skeleton of the spo rode rm may be 
considered as undoub ted . But it is necessary to remark that probably this is not the 
only c o m p o n e n t of the basic biopolymer skeleton. Special p roblems of this me thod 
and the detailed results will be the subject of fu r the r papers. 
One side of one unit of the basic skeleton is a f o r m of regular pen tagona l 
polygon. A t the vertices there are globular units which are connected with short 
arms. In the centre of the polygon there is also a spherical unit , but in general , the 
electron density of the two kinds of spherical units are different (fig. 1; 1). T h e 
experimental process, by gradual solution a n d / o r oxidizing cleared f rom the 
hollows of the basic skeleton fur ther componen t s , the chemistry of which is not 
known exactly at present. 
The next level in the biopolymer organizat ion of the exine is represented in fig. 1; 
2—4. We have T E M informat ion f rom the types as follows: Lamellar (fig. 1; 2), 
globular (fig. 1; 3), and open biopolymer s t ructures (fig. 1; 4). On the basis of ou r 
up-to-date knowledge, the helical sub-unit may be originated directly f rom the basic 
biopolymer unit. 
In the case of the lamellar ar rangement of the basic b iopolymer units, the central 
spherical elements form m o r e or less regular lines. In this respect, ou r results 
(Kedves and Winter , in print) are worth of ment ioning. Fibrills may also be 
presumed, which are oriented in lamellas. But fu r the r researches will be decide 
whether oriented fibrills forms really the lamellas. The molecular in terpre ta t ion of 
the transmission electron-microscope method is well represented in fig. 1; 5. The 
electron density of the globular units su r rounded by regular pentagonal polygon 
biopolymer units alter streakly. In this respect we have m o r e da ta , as a good 
example the results obtained on Abies concolor HOOPES may be ment ioned. T h e 
originally homogeneous foot layer after exper iment became lamellar. This 
characterist ic feature is of an early type, which in original form occur at the saccate 
gymnospe rma tophy ta pollen grains of the Paleo- and Lower Mesozoic sediments . 
The inner layers; foot layer a n d / o r endexine are in general of lamellar u l t ras t ructure . 
Fig. 2. 
1. Scheme o f the arrangement of the regular pentagonal units of o n e centrum. 
2. Scheme for the quasi-crystalloid biopolymer units. 
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Based on the biopolymer model of ihe lamellar s t ructures in nanomete r d imens ion , 
this may be easily interpreted. As an example the scheme was given; fig. 1; 9, which 
was d rawn from the T E M picture of a fossil mesozoic gymnosperm pollen grain 
Balmeiopsis limbatus (BALME, 1957) ARCHANGELSKY. 1977. In this way. a m o n g the 
two early types discovered in the course of the ul t ras t ructure-phylogenet ical 
researches of the exine. in part icular the lamellar is well known f rom this point of 
view. As regards the biopolymer organizat ion of the spongy exine. composed of 
irregular rods of sporopollenin, till this t ime, we have no in format ion . T h e 
experimental study of the wall of the early fossil spores f r o m different geological 
ages will bring surely interesting in format ion f r o m this point of view. 
As we have referred previously, the helical subs t ructures of the exine may c o m e f rom 
the basic pentagonal polygon biopolymer unit . Fo r the momen t it is only a 
supposi t ion, that in Angs t roem dimension a network of regular pentagonal po lygon 
units constructs the elements of the helical subs t ructures , fig. 1; 6, Fig. 1; 10 was 
redrawn f rom the paper of R O W L E Y ( 1 9 8 1 ) . Fo r the present day knowledge of this 
concept , in nanomete r dimension it is impor tan t to cite f rom the model of R O W L E Y 
and FLYNN (ex A B A D I E et a l„ 1 9 8 6 — 8 7 ) in the following; p. 2 ; 
" b Exine subst ructure 
o Exine unit — tuf t = complex tubular assembly 
(ca 7 0 nm diam.) ( H I D E U X & A B A D I E , 1985) 
core subuni ts (ca 5 separate subunits) 
o o Exine subuni t 
(diam. 10 nm) 
binder subunit 
o o o Elements of subuni t (fig. 12a) 
(10 elements or double helical e lements)" 
In connect ion with the spherical units of the exine. it is necessary to emphas ize 
that on the basis of ou r up-to-date knowledge, we can distinguish at least two 
funct ional types: 
1. s tructural , respectively, 2. superficial, sculptural elements. The spherical 
units of 15—30 A in diameter may easily come f r o m the basic unit (fig. 1; 3). Dur ing 
the transmission electron microscopical study of the partially degraded exine of 
fossil pa lynomorphs , g lobular units of sporopollenin of 15—25 A were firstly 
described ( K E D V E S et al., 1974, K E D V E S , 1986a, b). On the g lobular b iopo lymer 
units of the fossil angiosperm pollen exines discovered by the t a p h o n o m i c a l 
processes dur ing the sedimentat ion, inside of the g lobular units here and there the 
regular pentagonal basic skeleton may also be perceptible. The investigation of 
these units with the M a r k h a m rotation is a coming p rogram. T h e higher s t ruc tura l 
organizat ion of the spherical unit delineated in fig. 1; 3, is not sufficiently k n o w n at 
present. Probably as an early character is t ic fea ture it is an i r regular heap . 
Concerning the superficial spheric units, the pape r of H E S S E (1985) must be po in ted 
out . The smaller, spherical sporopol lenin-biopolymer-uni ts form larger likevise 
spherical heaps in nanomete r dimension (fig. 1; 11). 
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The interpretat ion on molecular basis, the results of S O U T H W O R T H (1985a, b. 
1986a. b) by gradual solut ion, and degrada t ion of the exine described the irregular 
polygons, which form a lattice. The molecular interpretat ion of the irregular 
polygons, forming ano the r kind of b iopolymer skeleton is well shown in fig. 1; 4, 8. 
Its two dimensional model is represented in fig. 2; 2. The basic quasi-crystalloid 
s t ructure and the solubility characterist ic features of the exine refer to two different 
kinds of "seed crystals" dur ing the biopolymer ontogeny of the sporode rm. Cf. 
S O U T H W O R T H (1986b). p. 67: " A possible explanat ion for the sequence of changes 
in the eroding exine is that the sporopollenin of the mature exine may consists of 
materials with three different solubilities in 2-aminoethanol with two of these 
materials removed to produce the pa t te rn show here ." These and the connected 
units react in different manner upon the taphonomical and experimental processes. 
This results in the single polygon (s. p.). c o m p o u n d polygon (c. p.) and the open 
polygon (o. p.), fig. 1; 12, a, b). In this way not only biochemical, but biophysical, a 
sensu str icto biocrystal lographical a t t i tude is necessary to the sufficiently extensive 
interpretat ion of the sometimes purely biological phenomena . 
In the following we touch shortly those exine structures, and their posit ion in 
the biopolymer organizat ion, which are not represented in fig. I. 
M I C R O C H A N N E L S 
The microchannels may be ranked a m o n g the helical b iopolymer organizat ion, 
taking into considerat ion their dimension, and their fine structure. Part icularly 
interesting is the documenta t ion in Plate 4 . in the paper of R O W L E Y et al. ( 1 9 8 7 ) . 
This kind of b iopolymer s t ructure may be characterized the following citation: " W e 
proposed as a result of analyses of the pat terns of stained substances within exines 
that microchannels occur either in microcapil lary spaces between units o r as a par t 
of the subst ructurae within units of the exine ( R O W L E Y and E L - G H A Z A L Y , 1 9 8 0 ) . 
Exine-unit s tructures, according to the model of R O W L E Y et al. ( 1 9 8 1 ) , are a 
complex of 10 nm wide substructures ar ranged in a cylinder of variable d iameter 
a l though they are commonly 7 0 — 1 5 0 n m . " 
R O W L E Y U N I T S 
This b iopo lymer organiz ing unit was described first f rom the partially 
degraded wall of the Botryococcus algue f rom the oil shale (KEDVES. 1986a). This is 
a kind of units in nanomete r dimension, its place and its nearer morpho logy is as yet 
problematic. It is possible that these are extremely short microchannels , thus a type 
of the helical organizat ion. 
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U B I S C H BODIES ( = orbiculi) 
These are superficial elements, and belong not closely to this p roblem. But 
Ubisch bodies occurred dur ing our exper iments too. and it was necessary to 
investigate their b iopolymer system, too. In connect ion with thiss ques t ion the 
comprehensive paper of R O W L E Y and W A L L E S (1987) must be pointed ou t . 
Final conclusions 
1. Several organizat ions levels of the b iopolymer system of the sporopol lenin 
can be dist inguished, and between the highly organized units some types can be 
recognized. 
2. The highest level of the biopolymer organiza t ion of the sporopol lenin is the 
homogeneous exine. 
3. In fur ther researches to better unders tand the b iopolymer organiza t ion of 
the sporoderm geometric, crystallographical modell ing is necessary. 
4. The multidisciplinary character of this field of research must be stressed. T h e 
use of fur ther non-biological methods assure new oppor tuni t ies , e. g.:the use of the 
X-ray diffraction method . 
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Abstract 
Pollen grains of Alnus glutinosa (L.) GAERTN. were partially degraded by ten different kinds of 
experiments. The partially degraded exines were fragmented and the residues were investigated with 
transmission electron microscope. On the basis of our first results, the advantages and the limits of this 
method arc discussed in this paper. Advantages: There are opportunities to study the different levels of 
the sporoderm organization in the dimension of the molecules, 2. The biopolymer basic-units could be 
investigated in the entire exine structures. 3. Highly organized biopolymer structures of different 
morphology were also to be observed: globular and network structures, mostly built from these, 
respectively filamentous units, too. The latter ones might be well interpreted by the quasi-crystalloid 
character of the basic-units of the biopolymer skeleton. Limits: In some cases at interesting or peculiar 
T E M biopolymer structures there may be doubts concerning their origin. 
Key words: Palynology. sporopollenin. biopolymer organization, fragmentation method. 
Introduction 
Relatively few papers deal with the biopolymer s t ructure of the partially 
degraded spo rode rm (e. g.: R O W L E Y , 1975; R O W L E Y and P R I J A N T O , 1977; 
R O W L E Y et al., 1980; S O U T H W O R T H , 1985, 1986; K E D V E S , 1988a. b). T h e ultra-thin 
sections of the partially degraded sporoderm were investigated with transmission 
electron-microscope. Later, the observed regular pentagonal polygon basic units 
were investigated with the modified M a r k h a m rota t ion method (cf. K E D V E S et al., 
1989). In this case this method was not only verificatory for symmetry . The 
impor tance of the problem investigated, and in some place its novel character need 
to e laborate new or adap t o ther methods of different fields. The new combina t ion of 
methods represent one par t of this a t tempt , with the first results. 
Mater ia l and Methods 
The objects of our investigations: pollen grains of Alnus glutinosa (L.) GAERTN., were collected on 
25 February 1989 in the Botanical Garden of the A. J. University, by Dr. K. MARGOCZY. After collection 
the fresh material was frozen at -20 °C to eliminate the alternations, which may happen in consequence of 
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the auloxidalion charactcr of Che sporopollenin. For the partial degradation of the cxinc the following 
experiments were applied: 
235. — 20 mg pollen + 1 ml 2-aminoethanol. temperature 30 C. length of time 24 
236. — 20 mg pollen + 1 ml 2-aminoethanol, temperature 30 C. length of time 24 + 1 0 m l K M n 0 4 a q . 
dil.. 1%. temperature 30 °C, length of time 24 . 
237. — 20 mg pollen + I ml 2-aminocthanol. temperature 30 C. length of time 24 + 10 ml K M n 0 4 aq. 
dil. 1%. temperature 30 °C. length of time 48 h 
238. 20 mg pollen + 1 ml 2-aminocthanol. temperature 30 C. length of time 24 + 100 ml K M n 0 4 
aq. dil. 1%. temperature 30 C, length of time 24h + 2 ml acetic acid anhydride, temperature 30 C. 
length of time 24 . n 
239. _ 20 mg pollen + I ml 2-aminoethanol. temperature 30 C. length of time 24 + 1 0 m l K M n 0 4 a q . 
dil. 1%. temperature 30 C. length of time 24h + 5 ml methanol, temperature 30 C. length of time 
24h. 
The pollen material of the experiments N o 250—254 were heated at 100 C' during one hour before 
the solvent and oxidizing process described formerly. This is the only difference between the two series of 
experiments. The samples of the experiments N o 240—249 were not investigated with the fragmentation 
method. After the partial degradation of the pollen grains the residues were washed in distilled water. The 
fragmentation was made with a magnetic stirrer in watered medium, during 30 minutes. The fragmented 
cxines were dropped on a grid cowcrcd with collodium pellicle and then dried. The electron microscopical 
investigations were made on a Tesla BS-500 transmission electron microscope, resolution 6 A. The 
modified Markham rotation method was applied at the TEM pictures where the experiments discovered 
well the basic, regular pentagonal polygon biopolymer units. 
Results 
Our results are presented in the order of the experiments: 235. — It is surprising 
that no mat te r for evaluat ion was found af ter this experiment . 
235. — (Plate I, fig. 1—5, plate II). In contras t to the previous one we 
obtained data for a t tent ion, which are different in character . Besides disclosing the 
basic biopolymer skeleton of regular pentagonal polygon units its highly organized 
level may be pointed out at this experiment. We observed filamentous units too . 
which arc 25—35 A large (Plate I, fig. 1. 3) on which occur f ragments of d a r k e r 
electron dense biopolymer systems (Plate I, fig. 1. marked with an arrow). T h e basic 
pentagonal polygon system is partially larger than those recognized previously 
Plate I 
1—7. AInus glutinosa (L.) GAERTN. 
1. Experiment. N o 236. filamentous units on it with regular pentagonal polygon biopolymer units, 
with strong electron density, marked with an arrow. xl50<)00. 
2. Experiment. N o 236, the highly organized biopolymer units forming a network. Well shown is 
the pentagonal polygon basic-skcleton, and the spherical units, which built them, x 150000. 
3. Experiment. N o 263. detail from the filamentous unit. x500000. 
4. Experiment. N o 236. detail from the highly organized biopolymer structure forming a network. 
The central biopolymer unit, which is surrounded with further ones is framed. x500000. 
5. Experiment. N o 236. detail from the basic biopolymer skeleton. x500000. 
6. Experiment. N o 237. fragment of doubtful origin, its ultrastructure may be studied on two levels. 
The darker part is the outer, the bleacher one represents the inner structure. x250000. 
7. Experiment N o 237. helical structures from a vegetal fragment of doubtful origin. x500000. 
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(Plate I. fig. 5); 10—20—26 A . However, the d iameters of the highly organized, 
partially spherical units a re essentially identical with the previously published 
average values (8—12 A ) . In some cases one basic, regular pentagonal polygon in 
central position was observed, this is su r rounded by fur ther similar pentagonal 
b iopolymer units (Plate I. fig. 4, plate II, the f r amed part of the picture). T h e 
diameter and the shape of the holes vary; 25—30 A . most ly isodiametr ic . but longer, 
and larger holes (e. g.: 160 A ) were also observed. 
237. — This experiment resulted unusual results, in connect ion with these it is 
possible that these ul t ras t ructural elements are not of exine origin but o ther kind of 
tissue f ragment . On the o ther hand it is impor tant in methodical respect, tha t this 
method is suitable to s tudy the submicroscopic s t ruc tures of the different space 
levels of the f ragments . O n picture 6 of Plate I. the da rke r superficial, and the light-
coloured inner par t are well shown. Helical s tructures were also abserved (Plate I, 
fig. 7), whereas independent of its doubt fu l origin we belive that they are impor tan t . 
238. — This exper iment well disclosed the basic b iopo lymer units , the 
diameter o f the regular pentagonal polygon units are in general 8—12 A . The highly 
organized spherical units and their a r rangement , and the holes between the 
biopolymer system are similar to those discussed at experiment N o 236 (Plate I, fig. 
2, plate II). 
239. — O n the T E M pictures we have observed microscopical fungi , in this 
way we keep this experiment not appreciable. But it is no tewor thy that in some 
places the basic-biopolymer units of the sporopollenin are well shown. 
250. — Similarly to experiment N o 235 resulted in no appreciable da ta . 
251. — At this exper iment highly organized spherical units , f o rming a 
network were observed. In some places the spherical units may be a r ranged into 
filaments. 
252. — Essentially this experiment gave the same result as at those of N o 237 
(cf. Plate I. fig. 6). 
253. — This experiment resulted in very useful da ta in the knowledge of the 
basic biopolymer units of the sporopollenin. In several par ts of the T E M pictures we 
have observed regular pentagonal polygon units and their a r r angement s too. T h e 
modified M a r k h a m rotat ion method was also applied at two b iopolymer basic units 
(Plate IV. fig. 1 - 4 ) . 
Plate 11 
Alnux glutinosa (L.) GAFRTN. 
Experiment N o 236. the biopolymer organization of the sporoderm is well represented on three 
levels. The basic biopolymer units are arranged into spherical ones (see the framed part of the picture), 
and these form also a network. x500000. 
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254. — This experiment served very appreciable da ta to the different phases 
of this kind of method, applied for the first time at this research program. On fig. 2 of 
Plate V. the different steps of the degradation are well shown until the dissolution. 
At the last phase the stratification of the exine may not be recognized. On Plate IV. 
and in picture 1 of Plate V. the morphological characterist ic features of the pollen 
grains of Alnus are well shown inside this the biopolymer organization of the 
sporopollenin, too. The basic biopolymer units may be seen in particular in the 
tectum, the highly organized ones mostly in the infratectal layer. In the picture of 
Plate IV, well shown is the dissolution of the exine, and the biopolymer units which 
emerged into the surrounding medium. 
Discussion 
The method of the fragmentat ion, besides the previously used ones, assured 
new opportuni t ies in the investigation of the biopolymer systems of the partially 
degraded exines. We need to emphasize that this method completes and not replaces 
the previously applied ones. We must stress again that in some cases the origin of the 
biopolymer structures may be doubtful . But this does not diminish the importance 
of the newly applied method. Resuming, this research direction suppor ts as well the 
importance of the multidisciplinary investigations. 
Plaie III 
I—4 . Alnus glulinosa (L.) GAERTN. 
1. Experiment, N o 253. the regular pentagonal polygons of the basic-biopolymer skeleton arc well 
shown, X500000. 
2. Experiment. N o 253. detail from the regular pentagonal polygon, basic biopolymer structure, xl 
million. 
3. 4. Experiment. N o 253. the biopolymer structure after the modified Markham rotation. 
C P.5.A.5.5.. xl million. 
Plate IV 
Alnus glulinosa (L.) GAERTN. 
Experiment. N o 254. partially degraded exine of the pollen grain, which was originally oriented in 
equatorial position. The regular pentagonal polygon basic units of the tectum are well shown, the 
degradation of the surface, and the highly organized biopolymer units of the infratectum. x250000. 
Plate V 
I 3. Alnus glulinosa (L.) GAERTN. 
1. Experiment. N o 254. detail from the biopolymer organization of the tectum, and the infratectum. 
x500000. 
2, 3. Experiment. N o 254. the degrees of fragmentation and partial degradation are well shown. 
x3600. 
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Abstract 
The drought tolerance o f bred varieties of one specics was found to be directly proportional to the 
extent o f proline accumulation in the isolated leaves. The water deficiency of leaves isolated at Dowering 
time in six wheat varieties was increased up to the lethal level by means o f the live-wilting method during 
exposure to light for 3 days. This means an identical "internal" water deficiency. 
The highest proline concent ra t ions were found in " G K Szoke" and "Jubule j -
naja 50", i. e. 3 6 % and 33% increases in proline content , respectively. Proline tests 
were also carried ou t on the isolated spikes. The lowest proline was found in " G K 
Orzse" and the highest proline increase in the same two varieties as found for the 
leaves. The increase in proline conten t was higher in the spikes than in the leaves, i. e. 
9 5 % and 8 8 % , respectively. There was a heavy drought af ter flowering dur ing field 
trials in the study year. Of the five middle-ripening varieties, " G K Szoke" produced 
the highest yield, as was expected on the basis of the proline tests. 
Key words: Free proline, live-wilting, isolated leaves, lethal water deficiency. 
Introduction 
It is known that the isolated leaves of mesophyte sof t -s temmed plants 
accumula te a huge a m o u n t of free proline in response to a severe water deficiency 
with opt imal lighting ( D A S H E K and H A R W O O D , 1 9 7 4 ; T Y M M S and G A F F , 1 9 7 9 ; 
H U B A C a n d S I L V A , 1 9 8 0 ; L E V I T T , 1 9 8 0 ; P Á L F I a n d P I N T É R , 1 9 8 0 ; P A L E G a n d 
A S P I N A L L . 1 9 8 1 ; G U L Y Á S and P Á L F I . 1 9 8 6 ) . It has also been reported that in the 
case of d rought and an extensive water deficiency of the leaves, the high proline 
concent ra t ion has a protective effect on the plants ( B L U M and E B E R C O N , 1 9 7 6 ; 
D A S H E K a n d H I L L S , 1 9 8 1 ; S I M I N O V I T C H a n d C L O U T I E R , 1 9 8 1 ; P Á L F I e t a l „ 1 9 8 3 ; 
B I S W A S a n d C H O U D H U R I . 1 9 8 4 ; J O Y C E e t a l „ 1 9 8 4 ; V A N S W A A I J e t a l „ 1 9 8 5 ) . 
It has been concluted f rom the high proline concentra t ion that those species 
accumulat ing more proline under condi t ions of equal water deficiency display a 
better d rough t tolerance. Our results, however, have not suppor ted these findings. 
Examinat ions of the water deficiency of isolated leaves and shoots of 14 cultivated 
species revealed that the drought tolerance of a par t icular species is not connected 
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with its proline accumula t ion ability. This conclusion is suppor ted by the 
experimental results of W A L D E R and TF .AVE ( 1 9 7 4 ) in soy bean and so rghum, and of 
P A T E L and V O R A ( 1 9 8 5 ) in wheat . Planiago ovaia, Papaver somniferum and Brassica 
juncea. and by the practical results of plant breeding: a m o n g the varieties of one 
species, those have a better drought tolerance which are capable of accumula t ing 
proline induced by a gradually increasing water deficiency ( P A L F I at al., 1 9 7 8 , 1 9 8 3 ; 
P A L F I a n d G U L Y A S , 1 9 8 6 ) . 
Consequent ly , the proline test can be used to de te rmine the d rough t tolerance 
of the varieties of one species. Compar i sons of sunflower varieties ( S A V I N I V A S A , 
1977), g round nut varieties ( S A S H I D H A R et al., 1977) and maize varieties ( P I N T E R et 
al., 1979) have shown that the level of proline accumula t ion connected with the 
drought tolerance is a heri table trait. This was conf i rmed by the results of B L U M and 
E B E R C O N (1976). M A L I and M E H T A (1977), L E V I T T (1980) and P A L E G and 
A S P I N A L L (1981). V A N D E DlJK (1981) found that a given level of " ex t e rna l " water 
deficiency can cause different levels of " in te rna l " water deficiency, which is actually 
the main difference between wheat varieties as conce rns d rough t resis tance. 
Accordingly, in de te rmina t ions of the drought tolerance of different varieties, the 
" in te rna l " water deficiency of the shoots and leaves must be equal . In the present 
s tudy, a gradual ly increasing water deficiency was induced in leaves isolated at 
flowering time in 6 wheat varieties, with the a im of creat ing an identical level of 
" in t e rna l " water deficiency. This was followed by de terminat ion of the prol ine 
content of the water deficient leaves. Proline analysis was also carried out in the 
spikes of the same varieties following establishment of the cons tan t water deficiency 
level. The average lenght of the upper two leaves of the shoo t s was measured and 
compared with the extent of proline accumulat ion . In water deficient shoo t s and 
isolated leaves of several cultivated varieties, the proline accumula t ion ability and 
the free total a m i n o acid content were studied. 
Mater ials and Methods 
The 6 wheal varieties used in this sludy were bred and maintained in the Cereal Research Institute 
at Szeged. The names of the varieties can be seen in Table I. Since the water deficiency is most acute al 
flowering and the following developmental stage in Hungary', the leaves were removed when the first and 
partly empty anthers appeared in the middle of the ear. This means that samples were taken from each 
variety at the same developmental stage. The water content of the soil was still optimal at flowering, since 
45 mm of precipitation had fallen during the previous 4 weeks. In order to provoke a water deficiency, the 
two upper leaves of the 24 shoots of each variety were cut off. 
The average lenght of the leaves were measured, and the leaves were then laid out in two groups in 
each variety separately. The groups of leaves were fixed adhesive tape on a plate covered by filter paper. 
The live-wilting was carried out under the following conditions: 26—28 C air temperature, with 90% 
relative humidity for 60 hours and with 5000 lux lighting (in a phytotron chamber). During the last 12 
hours of the live-wilting, the humidity was reduced to 60% in order to ensure the lethal water deficiency. 
The induction of water deficiency during 3 days is called live-wilting. This provoked water deficiency 
ensures that the levels of "internal" water deficiency of the varieties are equal 
Following live-wilting, the leaves were cut into small pieces, dried at 90 C and then ground to 
powder. The leaf powder was dried further at 105 C. and finally sealed hermetically in bottles. 
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The spikes of the same shoot were also cut off. subjected to the artifical live-wilting procedure for 3 
days, then dried and ground prior to determination of the proline content. The lethal water deficiency 
provoked by the new method o f live-wilting of the isolated leaves, living for at least 60 hours, led to the 
accumulation o f a high proline concentration The proline content of the leaves varied with the varieties. 
Those varieties capable of accumulating more proline at a given water deficiency level have a belter 
d r o u g h t r e s i s t a n c e ( S I N G H c t a ! . . 1 9 7 2 : B R I T I K O V , 1 9 7 5 ; B L U M a n d E B E R C O N . 1 9 7 6 : M A L I a n d M F H T A . 
1 9 7 7 : S R I N I V A S A . 1 9 7 7 : L E V I T T , 1 9 8 0 ) . 
The proline analysis of the leaf powder was carried out according to Paleg and Aspinall (19811 and 
the total amino acid content was measured according to Rosen (1957). 
Results and Discussion 
The shoots separated f rom the root system and the isolated leaves lost a 
considerable amoun t of water immediately af ter the cut t ing and within the next 24 
hours (if the vapour content of the air was sa turated) . Fol lowing this, the leaves 
became self regulated, resulting in an increase in the prol ine accumula t ion which 
slowed down fur ther loss of water. The accumulated proline conten ts of the isolated 
leaves of wheat varieties provoked by live-wilting can be seen in Table 1. 
Fig. I. Provokation of water deficiency in isolated wheat leaves by means of live-wilting for 3 days. 
40 isolated leaves were laid out and fixed in two groups for each of the 6 varieties in order to ensure even 
lighting. The light intensity was 5000 lux. the air temperature was 26—28 C. and the relative humidity of 
the air during the first two and a half days was 90%. and during the last 12 hours was 65%. 
Varieties: 
I = Bucsanyi 20 2 = GK lstvan 3 = GK Szoke 4 = Jubilejnaja 50 5 = GK Bence 6 = GK Orz.se 
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Table 1 shows that the isolated leaves accumula ted different a m o u n t s of 
prol ine as a result of live-wilting or lethal water deficiency. The proline con ten t s of 
two wheat varieties were outs tanding: " G K Szoke" and "Jubi le jna ja 50" , with 
3 ,17% and 3,10% total proline content , respectively. This means a 36% and 3 3 % 
increase in proline content , respectively relative to the lowest level, in " G K Orzse" . 
The proline contents of "Bucsanyi 20" and " G K I s tvan" increased by 9 ,4% and 
12,9%, respectively. 
The application of live-wilting to p rovoke the lethal water deficiency of isolated 
leaves may solve the debate between those who e labora ted the prol ine test a n d have 
successfully used it ( S I N G H et a l„ 1 9 7 2 ; B L U M and E B E R C O N , 1 9 7 6 ; M A L I and 
M E H T A , 1 9 7 7 ; P A L E G a n d A S P I N A L L , 1 9 8 1 ; S I M L N O V L T C H a n d C L O U T I E R , 1 9 8 1 ; 
V A N D E D I J K , 1 9 8 1 ; V A N S V A A I J et al., 1 9 8 5 ) , and those who are against it ( G U P T A 
a n d S H E O V A N , 1 9 7 9 ; H A N S O N e t a l . , 1 9 7 7 , 1 9 7 9 ; I L A H I a n d D O R F F L I N G , 1 9 8 2 ) . 
The latter g roup induced a cons tan t "ex te rna l " water deficiency level, bu t the 
" in t e rna l " water deficiency level was different in the living leaves (this is the poin t 
when the varieties differ f r o m each o ther in d rough t tolerance). 
The presented live-wilting me thod ensures that the leaf samples t aken a t 
f lowering time have a cons tan t " in t e rna l " water deficiency level, which is the lethal 
level. The da ta in Table 1 suggest that the varieties with medium leaf lenght are 
advan tageous f r o m the aspect of resistance. 
The accumulated proline contents of isolated spikes in response to live-wilting 
o r lethal water deficiency can be seen in Table 2. 
Table 2 shows that the prol ine contents in the spikes vary with the varieties 
more significantly than dur ing the process of live-wilting of the leaves, ranging f r o m 
0,6) % to 1,19% proline. It should also be noted that the prol ine accumula t ion of the 
Table 1. The concentration of synthesized proline resulting from live-wilting for 3 days and lethal 
water deficiency of wheat leaves isolated at flowering time. The concentration of proline is expressed as a 
percentage of the dry material. The average lenght of the upper two leaves is also reported. The proline 
content is also given as a percentage of the lowest proline content. 
Concentration of proline 
The names of Length of Dry Minimal 
wheatstrains leaf in cm substance proline 
in per cent 
1. Bucsányi 20 29 2.55 109.4 
2. G K István 27 2.63 112.9 
3. G K Szőke 29 3.17 136.1 
4. Jubilejnaja 50 27 3.10 133.0 
5. G K Bence 30 2.46 106.0 
6. G K Örzse 30 2.33 100.0 
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Table 2. Accumulated proline concentration of live-wilted leaves as a result of a lethal water 
deficiency. The live-wilting was carried out for 3 days at flowering time. 
The names of 
wheatstrains 





in per cent 
1. Bucsányi 20 0.94 154.1 
2. GK István 0.65 106.5 
3. GK Szőke 1.15 188.5 
4. Jubilejnaja 50 1.19 195.1 
5. GK Bence 0.86 141.0 
6. GK Örzse 0.61 100.0 
leaves is 3 — 4 t imes h igher than tha t of the spikes. W h e n the prol ine con ten t s in the 
spikes of the varieties were c o m p a r e d , the lowest one a n d the two highest t u rned ou t 
to be the same as in the leaves. T h e lowest pro l ine level was detected in " G K Ó r z s e " 
(100%) , while " G K S z o k e " a n d " J u b i l e j n a j a 50" showed the highest increases in 
prol ine: 188% and 195%, respectively. 
T h e d r o u g h t res is tance d a t a ob ta ined by using the live-wilting of isolated leaves 
were s u p p o r t e d by the pract ica l results. HARMATY (1988) car r ied o u t field trials in 
the same year in lime m e a d o w soil a n d on sandy soil with bad wa te r m a n a g e m e n t . 
Because of the lack of p rec ip i ta t ion a n d the high daily t e m p e r a t u r e (35—40 C), 
a d r o u g h t fol lowed the flowering. Th i s ho t wea ther caused the g ra ins to b e c o m e 
s tun ted a n d the yield decreased . O n b o t h types of soil, f r o m the midd le - r ipen ing 
g r o u p " G K S z ó k e " p r o d u c e d the highest yield. This var ie ty was f o u n d t o be the 
m o s t d rough t - r e s i s t an t a t flowering t ime in o u r t r ials t o o . " J u b i l e j n a j a 5 0 " 
displayed cons iderab le d r o u g h t resis tance and was the fifth out of 10 in yield 
p r o d u c t i o n in m e a d o w soil, a n d the th i rd o u t of 12 in sandy soil. It is k n o w n tha t this 
s t a n d a r d var ie ty is c apab l e of p r o d u c i n g an average yield u n d e r ex t reme condi t ions . 
T h e pro l ine accumula t i on capaci t ies of different species a r s h o w n in Tab l e 3. 
It can be seen in T a b l e 3 tha t the 25 species examined in this exper iment can be 
devided in to t w o g roups on the basis of the pro l ine c o n c e n t r a t i o n . In the first g roup , 
the prol ine accumula t i on in the leaves is extremely high, be tween 1 ,0% a n d 4 % . In 
the second g roup , the p ro l ine r ema ins well under 1 ,0%, a l t h o u g h in these species the 
prol ine con ten t also increased by 3 0 0 — 5 0 0 % as c o m p a r e d wi th the con t ro l suppl ied 
with a d e q u a t e water ( P Á L F I et al., 1983). 
I t should be no ted t h a t we have s tudied the pro l ine c o n c e n t r a t i o n s of isolated 
leaves of varieties s to r ing pro l ine in smaller q u a n t i t y fo r 20 years ( P Á L F I , 1968; 
P Á L F I et al., 1974, 1975, 1978, etc.). These results s t rongly s u p p o r t the d a t a in Tab le 
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Table J. Proline accumulalion ability of various species, resulting from the lethal water deficiency 
of the isolated leaves. As a result of live-wilting lor 3 days, the proline and total amino acid concentrations 
increased in mono- and dicotyledonous species belonging in one family (the species are separated by lines 
within the families). The samples were taken at flowering time. The live-wilting was carried out with the 
whole isolated shoot in the case of species with small leaves, such as Medicago and 7rijoliiun The 
concentrations are given as percentages of the dry material 
Proline Total amino acid 
Speeles 
concentration, per cent 
Dicatyledon 
Medicago saiiva 3.64 9.12 
Trifolium repens 2.37 8.25 
Pisum sativum 1.82 8.76 
Lens culiitaris 1.53 6.34 
Phaseolus vulgaris 0.56 6.87 
Solanum tuberosum 1.81 7.23 
S. lycopersicum 1.64 7.82 
Capsicum annuum 2.89 9.16 
Sicotiana lahacum 2.57 8.U6 
Brassica oleracea 3.88 10.64 
II. napus 2.42 8.25 
Raphanus salivus 1.63 7.27 
Cucurbita pepo 0.38 6.56 
C. ntaxima 0.45 6 4 3 
Cucumis salivus 0.42 6.89 
C'. meto 0.36 6.74 
Heliaiiilius annuus 1.67 7.23 
Lactuca saiiva 0.35 7 0 8 
Spinacea oleracea 0.46 8.12 
Beta vulgaris 0.38 7.25 
Monocolylcdon 
Triticum aestivum 3.14 10.16 
llordeum vulgare 2.28 8.06 
Seeale cereale 1.93 8.78 
Zeit mavs 0.42 9.34 
Sorgum vulgare 0.51 9.27 
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3, showing that these species really have a low proline accumula t ion ability (well 
under 1.0%). 
The mono- and d icotyledonous 25 species belong in 7 families. It can be seen 
that species having an extremely high o r low proline accumula t ion ability can 
belong in one family. Consequent ly , the proline accumula t ion ability induced by the 
lethal water deficiency of the isolated leaves is not characterist ic for certain families. 
Al though general consequences can not be drawn from these results, they can serve 
as a good basis for fu r the r studies of proline synthesis and oxidat ion and the 
enzymes taking part in these processes. 
Table 3 shows that the total amino acid contents of the species are high, varying 
between 6 % and 11%. This suggests that the lethal water deficiency substantial ly 
increases not only the concent ra t ion of proline, but also those of o ther amino acids. 
At opt imal water supply, the total amino acid content usually varies between 1,0% 
and 2 .0%. It should also be considered that the proline concent ra t ion induced by the 
dry soil in intact plants g rown in the field is substantially lower (by abou t 
0 . 3 — 0 , 5 % ) than that of the isolated leaves ( P A L F I et al., 1 9 7 4 , 1 9 7 5 , 1 9 7 8 ) . 
The water supply in the isolated leaves is cut off, while in the intact plants, even 
in the case of an extreme d rough t , the roots penetrat ing deeply into the soil supply 
the plant with a modera te a m o u n t of water. This is why a lethal water deficiency very 
rarely occurs in c rop plants, though the yield can be seriously decreased by d rough t . 
The present proline da t a and the results of the proline test relate exclusively to 
isolated leaves. This is in good agreement with other studies which used isolated 
leaves or segments of leaves of plants grown in culture dishes ( S I N G H et al., 1 9 7 2 ; 
B L U M a n d E B F . R C O N . 1 9 7 6 ; M A L I a n d M E H T A . 1 9 7 7 ; G U P T A a n d S H E O V A N , 1 9 7 9 ; 
H A N S O N e t a l . , 1 9 7 9 ; S I M I N O V I T C H a n d C L O U T I E R , 1 9 8 1 ; T H A K U R e t a l . , 1 9 8 8 ; 
etc). 
These au thors have a l ready reported on the role and advantages of proline as 
compared with other a m i n o acids regarding d rough t resistance. We have also 
described this in detail ( P A L F I et al., 1 9 7 5 , 1 9 7 5 , 1 9 8 3 ) . 
It should also be taken into considerat ion that the proline accumula t ion ability 
is an evolut ionary, heri table trait ( B L U M and E B E R C O N , 1 9 7 6 ; L E V I T T , 1 9 8 0 ; 
P A L E G and A S P I N A L L , 1 9 8 1 ; V A N S W A A I J et al., 1 9 8 5 ) . This trait of a part icular 
species or bred variety could presumably be t ransferred by means of t radit ional 
crossing or genetic manipula t ion to other high-yielding varieties which d o not have 
sufficient d rought resistance ( W Y N J O N E S and C O R H A M . 1 9 8 6 ) . T h r o u g h t the 
crossing of related inbred maize lines, this has already been carried out successfully 
in part ( P L N T F I R et al., 1 9 8 1 ) . 
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Abstract 
Differences were studied in the performance (the dry matter production in connection with C 0 2 
assimilation, leaf area, ratio of photosyntheti/.ing tissues, malate, sucrose, starch contents of the leaf) 
between the XQ and XS genotypes (deepoxidating violaxanthin quickly (XQ) as well as slowly (XS( 
during the induction period of photosynthesis) of the C3 type bean. We observed the differences of the 
acclimation of the plants were grown al 3 light regimes: medium light (ML): 200 nmol .m" l . s" ' 
photosynthetic photon flux density (PPFD) and 16 h — 8 h light dark period (LDP): low light (LL): 100 
nmol.m " : . s" ' PPFD and 16 h 8 h LDP: short light (SL): 200 ymoI.m~J . s~1 PPFD and 30 min 15 
mill LDP. 
Dry matter reducing effect of the LL and the SL treatments seemed to be in connection with the low 
C 0 2 assimilation rate measured at the PPFD where the plants were grown and with the low quantum 
yield. Within a genotype the higher sucrose and the lower starch proportion on the effect of light 
treatments may be in connection with the higher shoot and lower root ratios. Comparing the XQ and XS 
genotypes of bean, we found that the malate. sucrose levels are lower and the starch level is higher in the 
leaves of the XQ than those of the XS genotypes. 
The quantum yield may be in positive correlation with chlorophyll a + b content and negative 
correlation with the light compensation point. 
Key words genotype. CO, assimilation, biomass. violaxanthin. sucrose, starch, malate 
Introduction 
The differences in the performance of genotypes may be in close connection 
with the photosynthetic pathways. Fo r instance such differences are shown by the 
variation found between the photosynthet ic pathways of the C3 and C4 species of 
Panicum genus ( D O W N T O N , 1 9 7 5 ) and between the genotypes of Zea mays 
deepoxidat ing violaxanthin quickly (XQ) as well as slowly (XS) dur ing the 
induction period of photosynthesis ( M A R Ô T I . 1 9 8 6 ) . Our aim was to study the 
differences in the performance (the dry matter production being in connection with 
C 0 2 assimilation, leaf area, ratio of photosynthetizing tissues, malate, sucrose, 
starch content of the leaf) between the XQ and the XS genotypes of the C3 type 
bean. We observed the differences in the acclimation of the plants grown at medium 
and low photosynthetic photon flux densities and short light dark period. 
9 2 L. TÉCSI , K MARGÖCZI . E . TAKÁCS AND I M ARÓTI 
T h e ca rboxy la t i ng s tep is well charac te r ized by the s lope of the initial pa r t of the 
curve of CO-, ass imi la t ion ra te versus incident p h o t o s y n t h e t i c p h o t o n flux dens i ty . 
Th i s initial s lope of the curve is the incident q u a n t u m yield tha t is lower in the C 3 
p lan t s (0.052 mol C 0 2 . m o ! 1 p h o t o n ) than in C 4 — N A D P — M E p lan t s (0.065 m o l 
C O j . m o l 1 p h o t o n ) ( E H L E R I N G E R a n d P E A R C Y , 1983). Since the o p t i m a l e lec t ron 
t r a n s p o r t needs equi l ibr ium be tween p r o d u c t i o n a n d c o n s u m p t i o n of the r educ t ion 
p o w e r ( N A D P H ) in the ch lo rop la s t , t he re fo re the expor t o f the reduc t ion p o w e r in 
the f o r m of m a l a t c plays an i m p o r t a n t role in the acc l imat ion to the c h a n g i n g 
c o n d i t i o n s ( S C H E I B E et al. 1986). On the o n e h a n d , the p h o t o s y n t h e t i c m a l a t c is the 
p r e c u r s o r of the t r icarboxyl ic acid cycle in the m i t o c h o n d r i u m , because the a m i n o 
acids of the t r icarboxyl ic acid cycle a re synthet ized f rom the p h o t o s y n t h e t i c C 0 2 
fixation (KENT. 1979). On the o ther h a n d , the m a l a t e expor t ed f r o m the c h l o r o p l a s t 
carr ies the reduc t ion power to the pe rox i somes ( T O L B E R T , 1979), a n d t o the 
cy top la sm. T h e increase of the C O , concen t r a t i on rises the m a l a t e level and reduces 
the n i t r a te level since the m a l a t e ox ida t ion is the main N A D H s o u r c e fo r the 
cy top l a sma t i c n i t ra te reduct ion ( N E Y R A and H A G M A N , 1976: M A R I G O et al . , 
1985). Ce r t a in p lan t s c an s tore m a l a t e in inverse q u a n t i t y as n i t r a te in their vacuo les 
( G E R H A R D T A N D H E L D T , 1984; M A R I G O et al., 1985). 
T h e ra te of the sucrose synthesis is in close cor re la t ion with the ra te o f C 0 : 
ass imi la t ion t h r o u g h the f ruc tose -2 ,6 -b i sphospha te regula t ion system ( S T I T T et al . , 
1987). T h e vacuoles of the m e s o p h y l l u m cells are t e m p o r a r y pools o f suc rose in light 
if sucrose product iv i ty surpasses the up take capac i ty of p h l o e m ( K A I S E R a n d 
H F . B E R . 1984). T h e excess sucrose synthesis gives a signal for the f ruc tose-2 .6-
b i s p h o s p h a t e regula t ing system to s ta r t the s tarch synthesis ( P R E I S S . 1986). 
T h e s ta rch con ten t o f the leaves is in inverse ra t io to the daily p h o t o s y n t h e t i c 
per iod (CHATTERTON and SILVIUS, 1979). 
G e n o t y p e pa i rs was f o u n d in some plant species (maize, bean , sunf lower ) on 
the basis of the leaf a n a t o m y , ch lo rop las t u l t r a s t ruc tu re and physiological light 
acc l imat ion . T h e ra te of the deepox ida t i on of v io laxanth in (i. e. the ra te of 
deve lop ing of p r o t o n g r a d i e n t in thy lako ids ) qu icke r , the ra te of q u e n c h i n g o f 
ch lo rophy l l - a fluorescence in the M — T period (i. e. the s tar t of the non-cycl ic 
e l ec t ron t r anspo r t ) a n d the ra te of oxygen evolu t ion is s lower in the X Q g e n o t y p e s in 
the XS geno types ( P A T A K Y and M A R Ó T I . 1 9 8 5 ; W A L K E R . 1 9 8 5 ; M A R Ó T I , 1 9 8 6 ) 
dur ing the induc t ion per iod of pho tosyn thes i s . T h e X Q g e n o t y p e s have lower d ry 
ma t t e r , leaf th ickness and g rowth rate, higher wa te r con ten t than the X S g e n o t y p e s 
have ( M A R Ó T I a n d M A R G Ó C Z I , 1 9 8 4 ; M A R G Ö C Z I and M A R Ó T I . 1 9 8 5 ) . T h e 
q u a n t i t y of appressed m e m b r a n c e in the ch lo rop la s t s of the X Q geno types is g rea te r , 
the n u m b e r o f g r ana , the sizes of the loculi a r c less t h a n in the XS g e n o t y p e s 
( P A T A K Y a n d M A R Ó T I . 1 9 8 5 ; M A R Ó T I . 1 9 8 6 ) . 
COMPARISON O F PHOTOSYNTHF.TIC PERFORMANCES 9 3 
Mate r i a l s and Me thods 
The eomparison of the pholosynthelic performances was carried out on ihe XQ and the XS 
genotypes of bean (Phaseolus vulgaris L. 'Cherokee'). 
The bean plants were grown for 40 days in 600 c m 3 plastic pots in the mixture ofsand-perlit (1:1) in 
phytotron with 330 ( imol .mol - \ C 0 2 content 8.4 p m o L m o l - 1 , saturation deficit of water vapour in the 
air. and with a temperature of 23 C. 
The three light treatments were: medium light (ML): 200 pmol.trT J.s 1 photosynthetic photon 
flux density (PPFD) and 16 h — 8 h light dark period (LDP); low light (LL): 100 n m o l - n T ' s " ' PPFD 
and 16 h — 8 h LDP: short light dark period (SL): 200 nmol.m"J .s" • PPFD and 30 min — I5min LDP. 
The light sources were fluorescent tubes (Tungsram F 33 types). 
The ML and the LL plants were kept in darkness for 8 hours and the SL plants were kept in 
darkness for 30 minutes then their developed I. trifoliate leaves were cut off. The isolated leaves were 
illuminated with 800 j imol.m"2 .s"' P P F D light in humid 26 C air containing 340 (imol.mol C 0 2 for 30 
minutes, then they were fixed in liquid air and lvophilized. The malate (HOHORST. 1970), the sucrose and 
the starch content (HANDEL. 1968; DUBOIS el al„ 1956) were determined. We measured the change of the 
rate of C O , assimilation with infrared gas analyser (VEB Junkalor: Infralyt 5). The calculations (CO, 
assimilation rate, incident quantum yield, light compensation point) were carried out after LONG and 
HALLGREEN. ( 1 9 8 5 ) ; JANAC ct a l . ( 1 9 7 1 ) ; CAEMMERER a n d FARQUHAR. ( 1 9 8 1 ) . 
From the leaves we took samples for lyophilization. we made chlorophyll analysis (FRENCH. 1960) 
and determined the ratio of the photosynthetic tissues after fixing with glutaraldehyde (KARNOVSKY, 
1965). imbedding in paraflin. making 16 nm thick cross-sections. 
Results 
D R Y M A S S A N D T H E D R Y M A S S P R O P O R T I O N O F O R G A N S ( F I G S . 1 . , 2 . ) 
D r y mass of the total p l an t , the roots , the s tem and the leaves decrease m o r e 
intensively in the LL p lan t s t h a n in the SL p lan t s c o m p a r i n g to the M L plants . T h e 
mass p r o p o r t i o n of the roo t s is lower in the L L and similar in the S L p lan t s 
c o m p a r e d t o the in the M L plants . L L and the SL t r e a t m e n t s increase the mass 
p r o p o r t i o n of the s t em c o m p a r i n g t o the M L . 
D r y mass o f the to ta l p lan t and leaves in the X Q is h igher than in the X S 
geno types a t each t r ea tments . 
L E A F A R E A ( F I G . 3 . ) 
In the p lan t s g rown a t the L L and the S L the leaf a rea is higher than in the 
p lan t s g rown a t the M L . 
The re a re n o signif icant d i f ferences between the leaf a rea of the t w o genotypes . 
S P E C I F I C L E A F M A S S ( F I G . 3 . ) 
T h e specific leaf mass o f the L L and the SL p lan t s is lower in b o t h genotype . 
T h e specific leaf mass of the X Q geno type is slightly h igher than tha t o f X S o n e at the 
M L . 
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Fig. I. Dry mass of the organs and ihe whole planl o f the X S as well as ihe X Q bean genotypes 
grown at the ML, LL and SL light regimes. 
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Fig. 2. Dry mass ratios o f organs (L: leaves. S: stem. R: roots), proportions o f tissue areas in leaf 
cross-sections (H: epidermis. Pa: pal isade parenchyma. Sp: spongy p a r e n c h y m a ) and p r o p o r t i o n s o f the 
non-structural carbohydrates (MS: monosaccharides. Sue: sucrose. St: starch) in the XS as well as the 
X Q genotypes o f bean grown at the ML. LL and SL light regimes. 






Fig. 3. Leaf area and specific leaf dry mass of the XS as well as the XQ genotypes of bean grown at 
the ML, LL and SL light regimes. 
P R O P O R T I O N O F T I S S U E S I N L E A F C R O S S - S E C T I O N ( F I G . 2 . , T A B L E 1 . ) 
In the LL plants the propor t ion of palisade, in the SL plants the propor t ion of 
spongy parenchymas are reduced compar ing to the M L plants. Différences cannot 
be observed between genotypes with the except ion of pal isade pa renchyma 
propor t ion of the SL plants where this propor t ion is less in the XQ than in the XS 
genotypes. 
C 0 2 assimilation rate af ter 60 minutes of i l lumination at the P P F D under the 
plants were grown, incident q u a n t u m yield and light compensa t ion point (Fig. 4.) 
In the LL and SL plants the CO-, assimilation rates are lower than in the M L 
plants. The C O , assimilation rate of the X Q genotype is significantly higher than 
that of the XS genotype with the exception of the SL t reatment . 
The q u a n t u m yield of the LL and the SL plants is lower than that of the M L 
plants. Advan tage of the X Q could be shown only in the LL light regime. 
The light compensa t ion point of the SL plants is outs tandingly high, but 
significant genotypical differences could not be observed in either light t reatment . 
L E A F T R A N S M I T T A N C E ( F I G . 5 . ) 
The l ea f t r ansmi t t ance increases slightly in the LL and strongly in the SL plants 
compar ing to the M L plants. There are not any differences between the genotypes. 
9 6 L Ttcsi, K . MARGOCZI. E . T A K A C S A N D I M A R 6 T I 
Table I. Cross-section from I. trifoliale leaves of the XS and the XQ genotypes of bean grown at the 
ML. LL and SL light regimes. 
I. XS genotype grown at ML 2. XQ genotype grown at ML 3. XS genotype grown at LL 4. XQ 
genotype grown at LL 5. XS genotype grown at SL 6. XQ genotype grown at SL 
1 0 0 u m 
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Fig. 4. C 0 2 assimilation rate, incident quantum yield and light compensation point of the I. 
trifoliate leaves of the XS as well as tch XQ genotypes of bean grown at the ML. LL. and SL light regimes. 
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Fig. 5. Leaf transmittance. chlorophyll a + b content and chlorophyll a/b ratio in the 1. trifoliate 
leaves of the XS as well as the XQ genotypes of bean grown at the ML. LL and SL light regimes. 
Q U A N T I T Y O F C H L O R O P H Y L L S ( F I G . 5 . ) 
The chlorophyll a /b decreases in plants g rown at the LL and increases in plants 
grown at the SL compar ing to ML. There are not any differences between 
genotypes. The chlorophyll a + b is lower in the LL and the SL plants than in the M L 
plants. The chlorophyll a + b is also lower in the X Q than in the XS genotypes except 
for the plants grown at the M L . 
9 8 L . Tfecsi. K M A R G O C Z I , E . T A K A C S A N D 1. M A R O T I 
M A L A T E . S U C R O S E A N D S T A R C H C O N T E N T O F T H E L E A V E S I N T H E 3 0 T H M I N U T E O F 
T H E I L L U M I N A T I O N ( F I G S . 2 . , 6 . ) 
The malate level is higher in the leaves of the LL and SL plants than in those of 
the M L plants. The malate content of the XQ genotype is higher than that of the XS 
genotype, exept plants grown at the LL light regime. 
The sucrose content is higher in the LL and the SL plants than in the M L plants 
of the XQ genotype, but sucrose content of the XS genotype is similar in each light 
regimes. The sucrose proport ion within the non-structural carbohydra tes 
significantly greater in the LL and the SL plants compar ing to the ML plants. The 
sucrose content of the XQ is lower rhan that of the XS genotype only in the M L 
plants. The sucrose proport ion is also lower in the XQ than in the XS genotype but 
at each light t reatments (Fig. 2.). 
Starch level of the leaves is significantly lower in the LL and the SL plants than 
in the ML plants. The starch content and the starch propor t ion (Fig. 2.) of the X Q 
genotype are higher than those of the XS genotype. 
Discussion 
The photosynthetic performance of the plant expresses the efficiency of light 
conversion to biomass (result of photosynthesis, respiration, photorespirat ion) . The 
performance could be estimated on the basis of dry matter product ion in connect ion 
with C O , assimilation rate, leaf area, ratio of the photosynthetic leaf tissues, and 
malate sucrose and starch contents of the leaf, respectively. 
The stacking degree of the chloroplast membrane system increases in the LL 




Fig. 6. Malalc. sucrose and starch levels in the I. trifoliate leaves of the XQ as well as the XS 
genotypes of bean grown at the ML. LL and SL light regimes. 
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M A R O T I , 1 9 8 5 ) . but in spite of these facts both light t rea tments result in a dry mass 
reduction of bean plants compar ing to the M L treatment . The smaller dry mat ter 
decrease of the X Q genotype grown at the SL is due to its better light accl imation. 
The root reducing effect of the LL is consistent with fo rmer observa t ions 
( B J O R K M A N , 1 9 8 1 ) and this is a typical trait of shade accl imation. The L L and the 
SL t rea tments result in a phenomenon like shade acclimation: increase of leaf area 
and reduction of specific leaf mass. The ratios of leaf tissues in cross-section show 
characterist ic differences: in the L L plant the rat io of pal isade (cf. L I C H T E N T H A L E R 
et al., 1 9 8 1 ) , in the S L plants the propor t ion spongy (cf. M A R 6 T I and M A R G O C Z I , 
1984) parenchymas a re reduced (Fig. 2.). Dry mat te r reducing effects of the LL and 
the SL light regimes may be caused by the reduced C 0 2 assimilation rate and 
q u a n t u m yield compar ing to the effect of M L light regimes. There is an impor tant 
difference between the LL and the SL: the light compensa t ion point is unchanged at 
the LL. but rises at the SL compar ing to the M L treatment (Fig. 4.). T h e latter rise 
might be due to the weakly developed light harvesting complexes ( M A R O T I and 
T A K A C S . 1 9 8 3 ) , which is suppor ted by the small quant i ty of chlorophyll a + b found 
in the leaves. T h e chlorophyll a / b reduction at the LL as well as rise at the SL are 
consistent with former observat ions ( L I C H T E N T H A L E R et al., 1 9 8 1 : M A R O T I , 1 9 8 2 ) . 
There may be positive correlat ion between the incident q u a n t u m yield and 
chlorophyl l a + b content as well as negative correlat ion between the incident 
q u a n t u m yield and light compensa t ion point . 
Mala te t ranspor t s reduction power into the cytoplasm for nitrate reduction 
( M A R I G O et al., 1985), into the peroxisomes for glycollate pa thway and funct ions as 
a ca rbon source for the anaplerot ic operat ion of the tricarboxylic acid cycle ( K E N T , 
1979). The LL and the SL t rea tments may reduce the mala te level in the cytoplasm 
which is con t ras t with other observations (cf. L I C H T E N T H A L E R et al.. 1981). The rise 
of sucrose p ropor t ion and decline of starch p ropor t ion within non-st ructural 
ca rbohydra tes in plants grown at the LL and the SL light regimes show the increased 
t ranspor t mobility between chloroplast and cytoplasm in the mesophyll of the leaf 
of bean plants. 
We can establish on metaboli te levels of the C3 bean leaves, tha t the effect of 
the SL resembles that of the LL t reatment . 
The lower malate content may be due to the enhanced utilization of mala te in 
the perxisomatic glycollate pa thway, in the mitochondrial anaplerot ic processes and 
in the cytoplasmic nitrate reduction. It may be in connect ion with the higher dry 
mat te r of these plants. 
The decline of sucrose p ropor t ion and the rise of starch p ropor t ion within non-
structural ca rbohydra tes in the X Q genotype compar ing to the XS genotype (Fig. 2.) 
show the decreased pho tosyn tha te t ransport f rom the chloroplasts ( H U B E R . 1 9 8 4 ) 
and result in an increase in its leaf dry mass (Fig. 1.). Within a genotype the higher 
sucrose and the lower starch ra t io on the effect of light t rea tments may be in 
connect ion with the higher shoot as well as lower root ratios. 
C o m p a r i n g the X Q and X L genotypes of bean with those of maize (TECSI. 
1987) we found that the malate, sucrose levels a re lower and the starch level is higher 
in the leaves of the X Q than those of the XS genotypes. 
HM) L. TÉCSI , K . M A R G Ó C Z I . E . TAKÁCS A N D I. M A R Ó T I 
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Abstract 
The elements o f the myenteric plexus, the interstitial cells o f Cajal and the entero-endocrine cells o f 
the frog stomach were studied with a transmission electron microscope. The profiles o f the plexus and the 
fine structural features of the neuromuscular junction were described. The interstitial cells were identified 
at the ultrastructural level: a small amount o f smooth endoplasmatic reticulum was observed in their 
cytoplasm. A few entero-endocrine cells were found in the epithelial layer. Their ultrastructurc was 
similar to that in other vertebrates. The possible action of these elements on the contraction of the 
musculature suggests a multifunctional influencing of peristalsis: namely (I) a direct action o f the nerves 
on the muscles: (2) changes in the pacemaking activity of the interstitial cells; (3) local systemic action o f 
serotonin and peptides from entcro-andocrine cells on the musculature. 
Key words: frog stomach-myenteric plexus- interstitial cellsentero-endocrinc cclls-ultrastructurc. 
Introduction 
Since the first reports on the innervation of the f rog al imentary canal 
( B O T A Z Z I . 1899; C A J A L , 1902: D I X O N , 1902; G A U P P . 1899) a considerable number 
of papers have deal t with this topic (e. g. B O Y D et a l„ 1964; C A M P B E L L , 1969; C O L E , 
1 9 2 6 : G U N N . 1 9 5 1 ; H I R T , 1 9 3 4 ; R A S H I D . 1 9 7 2 : R E A D a n d B U R N S T O C K , 1 9 6 8 , 
1969; YOH, 1931). A N D E R S O N and C A M P B E L L (1984) provided evidence of the 
presence of serotonin in the neurons of Bufo gut. As regards the f rog s tomach 
innervation, only classical morphological da ta are available ( C A J A L . 1902; C O L E , 
1926; D I X O N . 1902; G U N N , 1951; W O N G et a l„ 1971). The gross morphology of the 
myenteric plexus of the f rog s tomach was recently described ( G A B R I E L et al., 1987) 
established by means of N A D H - d i a p h o r a s e histochemistry. However , the electron 
microscopic features of these elements have not been described to date. There is 
s trong evidence that , besides the myenteric nerve elements, the interstitial cells of 
Caja l ( ICCs) and the entero-endocrine cells (EECs) should also be taken into 
considerat ion as possible sources of substances able to influence the contract ion 
activity of smooth muscle cells ( B U C H A N et al.. 1983; CRIM and V I G N A , 1983; 
F A U S S O N E - P E L L E G R I N I , 1 9 8 7 ; H O L M G R E N , 1 9 8 5 ; M I K K E L S E N e t a l . , 1 9 8 8 ; 
R O M B O U T and R E I N E C K E , 1984). The aim of ou r s tudy was to describe the 
ultrastructure of elements which may influence the contract ion activity of the 
smooth muscle cells in the f rog s tomach. 
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Mater ia l and methods 
Six adult frogs (males and females) were used in this study. The stomachs were fixed either by 
immersion after distension with Krcbs solution (for 3hr) or by transcardial perfusion followed by 
immersion (for 3hr). The fixative contained 2% parafomaldehyde and 2% glutaraldehyde in 0.1 M 
phosphate buffer (PB) at pH 7.4 in both eases. Small tissue blocks were cut from the stomachs and 
postlixed in 1% 0 s 0 4 (in 0.1 M PB) for lhr. Blocks were then dehydrated in ascending series of ethanol. 
contrasted ..en bloc" in 70% ethanol saturated with uranyl acetate, and embedded in Durcupan ACM 
resin. Ultrathin sections were cut with a Reichert OM U2 ultramicrotome and contrasted with lead citrate 
after REYNOLDS (1963). Preparations were viewed and photographed in Jeol EM I00B and Tesla BS 540 
electron microscopes. 
Results 
Large numbers of nerve processes and some nerve cells were revealed in the 
myenteric neuropile close to the outer surface of the s tomach (Fig. la). Nerve cells 
were embedded into the main s t rands of Ihe plexus. The profiles in the neuropile 
often contained large granulated vesicles (LGVs) . T h e nerve cells and the 
sur rounding neuropile were covered with Schwann-sheath and a collagen field. The 
interstitium was rich in collagen on the mesenteric side of the plexus. Large nerve 
bundles left this neuropile region to innervate the muscula ture of the s tomach (Fig. 
lb). 20—100 axons covered with Schwann-sheath were seen a m o n g the muscles. In 
some cases, synaptic contac ts were observed between these axons (Fig. 1c), where 
the presynaptic density was prominent , while the postsynapt ic thickening was 
lacking. The presynapt ic profile contained clear vesicles while the postsynapt ic one 
LGVs. Ano the r type of contact seemed to be exocytosis between ne ighbour ing 
profiles to release the t ransmit ters f rom LGVs (Fig. Id). Nerve bundles runn ing to 
the muscles conta ined mainly 2 types of vesicles: small agranula r vesicles (AGVs) 
and L G V s (Fig. 2a). Profiles with flattened vesicles (FVs) and also with dense-core 
vesicles (DCVs) were observed very rarely (Fig. 2b). Axons running parallel to the 
muscles sometimes established large surface close contac ts , which were m o r e than I 
Urn long (Fig. 2c). As regards the junctional g a p between the axo lemma and the 
muscle cell membranes at the sites of close contacts , this did not exceed 20—40 nm 
Fig. I.a) Myenteric neuron (NC) and the surrounding neuropile (NP). The lateral side of this 
compact structure (arrow) is covered by Schwann cell processes. A collagen field (asterisk) can be seen 
between the neighbouring nerve bundles. Magnification: 7000x. 
l .b) Schwann cell and axon profiles among the smooth muscle cells (smc). Some of the profiles 
contain large granulated vesicles (LGVs, arrows). Note the strongly heterochromatic structure of the 
Schwann cell nucleus (SCN). Magnification: 18000x. 
I.c) Axo-axonic synapse in the deep neuropile. Only the presynaptic density (arrow) is 
conspicuous. The postsynaptic profile (asterisk) contain LGVs. Magnification: 32000x. 
I.d) Exocytosis from a LGV. Note that the extracellular space also contains dense material (open 
arrow), which is probably a residue of a previous exocytotic process. Magnification: 32000x. 
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(Fig. 3a). mainly where LGVs or mixed profiles established them. T h e release of 
LGVs took place with exocytosis (Fig. 3a, insert). When the contac t ing profiles 
contained A G V s only the junc t iona l gap was approximate ly 100—150 nm wide 
(Fig. 3b). 
A m o n g the muscles. ICCs were also present (Fig. 4a), generally on the inner 
side of the circular muscles. Their nuclei were relatively rich in chromat in and their 
cytoplasm contained secretory granules of different sizes. Rough endoplasmat ic 
reticulum cisternae. mi tochondr ia , glycogen granules were present here (Fig. 4b). 
Entero-endocr ine cells were demonst ra ted a m o n g the epithelial cells of the f rog 
s tomach relatively frequently. They had a beanshaped nucleus and a large n u m b e r 
of secretory granules were found in the narrow cytoplasmat ic area (Fig. 4c). 
Discussion 
In the ver tebrate a l imentary canal . 3 different s t ructures should be considered 
which are able to influence the cont rac t ion of the gut muscula ture : the nerves of the 
myenteric plexus, the ICCs and the EECs . 
The myenteric plexus is well developed in the f rog s tomach and si tuated close to 
the outer surface of this organ ( G Á B R I E L et al„ 1 9 8 7 ) . Th i s posit ion is not unique 
a m o n g the vertebrates, for the same arangement has been observed in the gizzard of 
birds ( Á B R A H Á M . 1 9 3 6 ; G A B E L L A and H A L A S Y , 1 9 8 7 ; I W A N O W , 1 9 3 0 ) . T h e 
myenteric nerve cells are relatively small and not so densely packed as in higher 
vertebrates ( G A B E L L A , 1 9 8 7 ; G A B F . L L A and H A L A S Y . 1 9 8 7 ; G Á B R 1 E L et a l„ 1 9 8 8 ) 
The neuropile region is not so extensive as in m a m m a l s ( G A B E L L A . 1 9 7 9 ) , and the 
synapses are scarce. These characterist ics are typical for the lower ver tebrates 
( B E N E D E C Z K Y e t a l „ 1 9 8 7 : H A L A S Y e t a l „ 1 9 8 8 : T A X I , 1 9 8 2 ) . 
Axo-axonic synaptic contac ts have been observed in the s tomach, as well as in 
the large intestine of frog (GÁBR1EL et al., accepted for publicat ion) . Thus , this kind 
of synapse may be consequent ly present throughout the full length of the a l imentary 
canal . Besides the synaptic contacts , another impor t an t form of communica t ion 
between the different elements is non-synaptic t ransmit ter release. T h e exocytosis of 
t ransmit ter molecules f rom the D C V s and LGVs has mostly been proved with the 
Fig. 2.a) Nerve bundles (NB) surrounded by collagen Field (coll) among the smooth muscle cells 
(smc). Nerves are covered by Schwann cell prrocesses (SCP). Arrows: LGV-containing profiles; 
asterisks: profiles with clear vesicles. Magnification: 3400x. 
2.b) Nerve plexus between smooth muscle cells (smc). Flattened vesicle (arrowhead) and dense-core 
vesicle (asterisk)-containing profiles are also visible. Note that a considerable proportion of the profiles 
are free of Schwann-sheath (arrows). Magnification: 20000x. 
Fig. 2.c) Thin axons in a narrow space between smooth muscle cells (smc). Relatively long close 
contacts (arrows) are visible. Magnification: IXOOOx. 
2.d) An axon with double active site (asterisks) establishes close contact with a smooth muscle cell 
(smc). Both vesicle accumulations contain agranular vesicles and LGVs. Magnification: 30000x. 
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T A R I method ( B E N F . D E C Z K Y and H A L A S Y , 1988; B U M A et al., 1984), but also 
described under normal EM fixation condit ions (ZHU et al., 1986). 
As concerns the possible t ransmit ters , acetylcholine is known to play this role 
in the f rog s tomach ( R A S H I D . 1 9 7 2 ; W O N G et al., 1 9 7 1 ) , and also the presence of y-
aminobu ty r i c acid has been proved ( G A B R I E L and E C K E R T . 1 9 8 9 ) . B U R N S T O C K 
( 1 9 7 2 ) postula ted the purinergic hypothesis, which was also discussed by S N E D D O N 
et al. ( 1 9 7 3 ) . However, morphological investigations have not yet been per fo rmed in 
this respect. No evidence has been obta ined on the presence of pept ide t ransmi t te rs 
so far, but the axon profiles with mixed vesicle conten t suggest cot ransmiss ion 
( B U R N S T O C K . 1 9 7 6 , 1 9 7 8 ; H O K F E L T e t a l . , 1 9 7 7 ; S C H U L T Z B E R G e t a l . , 1 9 8 0 ) . 
Because of the great number of muscle contacting L G V and mixed profiles, the role 
of pept ide/pur ine neurotransmiss ion is of significance in the frog s tomach . T h e most 
impor tant peptide t ransmi t te r candida te is Substance P. which is known to have a 
s t rong st imulat ing effect on muscles and also on o ther nerve endings, in both lower 
( B J E N N I N G and H O L M G R E N , 1 9 8 8 ; J E N S E N et al., 1 9 8 7 ) and higher ver tebrates 
( B A R T H O a n d H O L Z E R . 1 9 8 5 ; S M I T H e t a l . . 1 9 8 8 ) . 
The first description of ICCs was reported by C A J A L ( 1 8 9 3 ) . Their presence in 
the f rog s tomach muscular layer was revealed by C O L E ( 1 9 2 5 ) . Descript ions at the 
EM level arc available on the ICCs of different m a m m a l s ( F A U S S O N E - P F . L L F . G R I N I , 
1 9 8 4 . 1 9 8 7 ) . but not those of the f rog s tomach. The general view of ICCs in the f rog 
s tomach is not basically different f rom that for mammals . T h e smaller a m o u n t of 
smooth endoplasmat ic reticulum of the f rog ICCs may be considered to be the only 
main morphological difference. The role of these cells remains obscure a lmost a 
century af ter C A J A L , a l though some authors ( F A U S S O N E - P E L L E G R I N I . 1 9 8 4 . 1 9 8 5 ; 
S T A C H , 1 9 7 2 ; T A Y L O R at al.. 1 9 7 7 ) regard them as an element of a funct ional chain: 
nerve endings-ICCs-smooth muscles. The ICCs might act as pacemakers which arc 
controlled by nerve endings. Fur ther studies are needed to ascertain the exact role of 
these cells. 
EECs are known to conta in serotonin and different peptides (CCK-gas t r in . 
bombesin , somatos ta t in) in the lower vertebrates, too ( C R I M and V I G N A . 1 9 8 3 ; 
R O M B O U T and R E 1 N E C K E , 1 9 8 4 ) . The presence of a high amoun t of secretory 
granules in these cells suggests that an intensive peptide-secreting process occurs 
here. The same granules may also contain serotonin , because P F . L L E T I E R et al. 
( 1 9 8 1 ) povcd the presence of serotonin and a peptide (Substance P ) within one DCV. 
These substances might act through the local circulatory system and also by 
diffusion across the connective tissue layer. T h e seasonally different effects of 
Fig. 3.a) The junctional gap is not more than 20—50 nm when the containing profile (Ax) includes 
LGVs. Coll: collagcn. smc: smoolh muscle cell. Magnification: 32000x. 
Insert: cxocylosis (arrow) in the closc proximity of a smoolh muscle cell (smc). Magnification: 
64000x. 
3.b) When Ihc contacting profile contains agranular vesicles (AGV) . the junctional gap is slightly 
more than 100 nm. smc: smooth muscle cell. Magnification: MIOOOx. 
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serotonin on the f rog s tomach were clarified by SlNGIl (1964): he found that this 
substance has an excitatory effect in spring and an inhibi tory effect in o ther seasons. 
In conclusion, the 3 different s t ructures described here influence the s m o o t h 
muscle activity in a complex manner , in 3 different ways: (1) nerves may act directly 
on the smooth muscle cells; (2) the ICCs are able to change their own pacemaker 
activity (also influenced by nerves?); and (3) the active substances of the E E C s 
(serotonin and peptides) might act th rough the local c i rculatory system. 
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Abstract 
'H-thymidinc incorporation was investigated in the sensory cpithelia of the lips of Helixpomatia by 
light microscopic autoradiography. Labelled cells were observed among the epithelial cells as well as in 
the sensory lobules. After a short survival time following the JH-timidine injection only heavily labelled 
cclls could be dctcctcd. The heavily labelled cclls in the receptor cell areas were always located at the 
periphery of the sensory lobules. After a long survival time the lightly labelled cells appeared and became 
dominant: they were always observed among the sensory cells in the sensory lobules. The number of 
labelled cells increased during short survival times (30 min. 4h) but later a continuous decrease was 
observed. This demonstrates a slow but continuous renewal and maturation of the sensory and epithelial 
cclls in the sensory epithelia of the snail Helix pomatia. 
Key words: Helix pomatia. lip. sensory epithelia. receptor cells 
Introduction 
G a s t r o p o d s receptor areas such as the lips and body wall seem to have the 
general ability of both chemo- and mechano-reception ( S C H U L T Z , 1 9 3 8 ; 
K I E C K E B U S H . 1 9 5 3 ; K I T T E L , 1 9 5 6 ; S T E P H E N S O N , 1 9 7 9 ; C R O L L a n d C H A S E , 1 9 8 0 ; 
C H A S E a n d C R O L L , 1 9 8 1 ; C H A S E , 1 9 8 2 ; H E R N Á D I e t a l „ 1 9 8 4 ; K E M E N E S e t a l „ 
1 9 8 5 . ) According to the Golgi impregnation studies, the receptor areas of the body 
wall are densely innervated by primary sensory neurons ( S C H U L T Z , 1 9 3 8 ; D E M A L , 
1 9 5 5 ; H E R N Á D I . 1 9 8 2 ) . T h e ul t rastructural studies have concentrated on sensory 
dendri tes to establish a relat ionship between the sensory dendri tes with different 
ul t rastructural characterist ics and the different receptor modalit ies. N u m e r o u s 
types of dendr i tes could be separated on the basis of their fine s t ructura l 
characteristics, and different receptor modalit ies have been correlated with them 
( Z Y L S T R A , 1 9 7 2 ; W R I G H T . 1 9 7 4 ; W O N D R A K , 1 9 7 5 ; K A T A O K A , 1 9 7 6 ; 
B E N E D E C Z K Y , 1 9 7 7 . 1 9 7 9 ; C R O L L , 1 9 8 3 ) . The sensory dendri tes in the sensory 
epithelia of the tentacles, the lips and the foot of Helix pomatia were classified into a 
series of transit ional forms on the basis of their line s t ructural characterist ics ( the 
number of cilia and microvilli, the length of the roots of cilia, the width of the apical 
dendri t ic surface, the density of the dcndrit ic cytoplasm). These transit ional fo rms 
spread f rom the microvillous dendrites with ccntrioles th rough the dendri tes 
possessing 1—2 cilia and microvilli with centrioles in their apical parts , to the 
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dendr i t e s possess ing n u m e r o u s cilia on their apical su r f aces ( H E R N Á D I a n d 
B E N E D E C Z K Y , 1 9 7 8 . 1 9 8 3 ) . It was supposed t h a t th is great var ia t ion in the 
s t ruc tura l a p p e a r a n c e of the sensory dendr i tes cou ld be expla ined by a renewal 
process of the p r imary sensory n e u r o n s ( H E R N Á D I and B E N E D E C Z K Y . 1 9 7 8 . 1 9 8 3 : 
H E R N Á D I . 1 9 8 1 a . b . T O T A R O et al.. 1 9 8 4 ) s imilar to t ha t in the ve r t eb ra te o l f ac to ry 
epithelia ( G R A Z I A D É I and M E T C A L F , 1 9 7 1 ; M O U L T O N . 1 9 7 4 ; H A R D I N G et al . , 
1 9 7 7 ; G R A Z I A D É I and M O N T I G R A Z I A D É I . 1 9 7 9 ) . T h e a im of the present s tudy was 
to d e m o n s t r a t e mi to t ic e lements in the sensory lobules o f the lips by app ly ing light 
microscopical 3 H - t h y m i d i n e a u t o r a d i o g r a p h y and in this way to p rove the sensory 
cell renewal in the sensory epithelia of Helix pomalia. 
Mater i a l s and M e t h o d s 
Adult specimens of Helix pomalia were used for the experiments. 15 |iCi JH-thymidine/gr body 
weight was injected into the body cavity of each animal diluted in 250 nl ringer solution. The animals were 
sacrificed at 30 min. 4h. I day. I week, 2 weeks, and I month survival time following the injection. The lips 
were excised and fixed in 2.5% glutaraldehyde buffered with 0.1 M sodium cacodylatc buffer (pH: 7.2) 
for 4h al 4 C. After a short wash in the buffer the samples were posllixcd in I % OsOj buffered w ith 0.1 M 
s-collidine (pH: 7.4) for 2h at 4 C. After fixation the samples were dehydrated through increasing 
concentration of ethanol and were embedded into Spurr media through propilencoxid. Serial sections 
consisting of 8—10 lum thick cross sections containing the whole width of the sensory epithelia were cut 
and dried on slides and counterstained with toluidinc blue. The sections were covered with llford L4 
emulsion. After two weeks exposition the slides were developed with Kodak D—19 developer. The cells 
were considered to be labelled if there were at least 5 grain over their nucleus. 
Results 
In the 1 | im thick toluidine blue stained c ross sec t ions the l obu la r o r g a n i z a t i o n 
of the recep to r cells a s well as the typical s t ruc tu re of the lips a re clearly visible (F ig . 
I.). T h e different cellular e lements can be sepa ra t ed on the basis of the i r typical 
m o r p h o l o g i c a l character is t ics (e. g. d i amete r a n d the h e t e r o c h r o m a t i n pa t t e rn o f the 
nucleus). Label led cells can be observed in the sensory lobules and a m o n g the 
epithelial cells. N o n s e n s o r y neurona l e lements d o not have gra ins over their nuclei. 
Af t e r a shor t survival t ime (30 min) only heavily labelled cells can be de tec ted with 
n u m e r o u s silver g ra ins over their nuclei. These cells can be observed usual ly a s pa i r s 
bo th a m o n g the epithelial cells located on the basa l l amina (F ig . 2) a n d in the region 
of the sensory lobulus (Fig. 3). T h e heavily labelled cells a re usual ly located a t the 
per iphery of the lobules (Fig. 3). Of the 6—8 lobules in the invest igated sec t ion on ly 
1—2 con ta ined heavily labelled cell pairs . A f t e r a longer survival t ime (4h) the 
n u m b e r of heavily labelled cells increases and lightly labelled cells begin t o a p p e a r 
a m o n g the sensory cells in the lobulus . These lightly labelled cells have on ly 5—10 
silver g ra ins over their nucleus (Fig. 4). At s h o r t survival t imes (30 min to 4h) the 
heavily labelled cells a r e d o m i n a n t , but a f te r a longer survival t ime (1 d a y ) the 
n u m b e r o f lightly labelled cells inreases. and these become d o m i n a n t . Heavi ly 
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Fig. I. The semithin section of Ihe lip demonstrates the typical organization of the sensory epithelium. 
Under the epithelial cell layer (cc) sensory lobules (si) are located. The nerve branches (nb) of the medial 
lip nerve reach the sensory lobules. Under the sensory lobules muscle cells (mc) and gland cells (gc) can be 
seen, scale bar: 50 )im 
labelled cells, however can be observed even af ter 30 day survival but only scarcely 
a m o n g both the sensory and the epithelial cells. T h e number of labelled cells 
decreases in time. By the 30th day their number is about 6 0 % of that observed at 4h 
survival. At this lime only one lightly labelled cell can be detected in the cross 
section. 
Discussion 
According to the 3 H-thymidine au toradiography numerous mitotic elements 
can be observed both among the epithelial cells and the sensory neurons in the 
sensory epithelia of the lips. Our findings show that the sensory neurons originate 
f rom stem cells that undergo a slow mitotic process producing heavily labelled cell 
pairs that undergo a second mitosis which produces the lightly labelled cells. 
Following the 'H- thymidine injection, the number of heavily labelled cells 
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increased; in lime, however, all of the labelled cells decreased in number . Therefore , 
the mass of pr imary sensory neurons in snails undergoes a spon taneous and 
con t inuous process of renewal and matura t ion , which last f rom mitosis to neuronal 
dea th . Similar findings were demons t ra ted recently in the tentacles of Achatina 
fulica ( C H A S E and R I E L I N G , 1 9 8 6 ) . According to these observations, the pr imary 
sensory neurons in the snail sensory epithelia behave similarly to the pr imary 
o l fac tory sensory neurons in ver tebra te ol factory epithelia ( G R A Z I A D E I and 
M E T C A L F , 1 9 7 1 ; M O U L T O N , 1 9 7 4 ; G R A Z I A D E I a n d M O N T I G R A Z I A D E I , 1 9 7 9 ) . 
This ma tu ra t ion process can explain the previously described great s t ructural 
variety of the pr imary sensory neurons in the sensory epithelia of the Helix tentacles 
and lips ( H E R N A D I and B E N E D E C Z K Y , 1 9 7 8 , 1 9 8 3 , H E R N A D I 1 9 8 1 ) . 
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Abstract 
According to intensificated Co-labelling, both thick and thin nerve fibres innervate the muscle and 
gland cells, though the gland cells are predominantly innervated by thin fibres with small varicosities. The 
muscle cells are innervated by both serotonin and F M R F a m i d e containing fibres with small varicosities. 
A m o n g the gland cells immunoreactive fibres can scarcely be observed. The innervating fibres may partly 
originate from the cerebral ganglion since numerous cell bodies sending axonal processes to the lip 
became labelled after backfilling the lip branch of the medial lip nerve with Ni-lysine; and some of them 
proved to be serotonergic after 5 ,6 -DHT treatment. 
Key words: Helix pomatia, lip, innervation, muscle, gland 
Introduction 
It has been demons t ra ted that bo th central and peripheral neurona l elements 
take par t in the regulation of the movements of the oral lobes dur ing feeding 
behavior in Helix pomatia ( K E M E N E S et a l„ 1982; H E R N Á D I et al„ 1984, 1987). In 
order to unders tand animal behaviour at the neuronal level, it is necessary to 
elucidate the neuronal connect ions at the peripheral level in effector o rgans as well 
as in the central nervous system (CNS) . In the Helix lip, which is an effector organ 
taking par t in feeding movements ( S C H U L T Z , 1938; K I E C K E B U S H , 1953; K E M E N E S 
et al„ 1985), the musculature and g landular mass are targets of both the central and 
peripheral nervous systems. The aim of this study was to investigate the innervat ion 
of muscle and gland cells by using Coba l t labelling of the innervat ing neuronal 
fibres. Fur the rmore , pigment induct ion and light microscopical immunocy toche-
mistry were used to characterise the t ransmit ter or modu la to r con ten t of the 
innervating neuronal fibres by applying 5 ,6 -DHT as well as serotonin (5HT) and 
F M R F a m i d e antibodies. 
Mater ia ls and methods 
Adult specimens of the snail Helix pomatia were used for the experiments. The ganglion complex 
(CNS) and the lip with the medial lip nerve were excised and fixed on silgar with small needles. The lip 
branch of the medial lip nerve was cut, and the distal end was put into an open vaselin cup containing 
aqueous solution of Cobaltic-lysine (200 |iM). Thereafter the cup was enclosed with vaseline and the 
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preparation was covered with ringer solution. After 48h exposure at 4 'C, the Co ions in the lip were 
precipitated in a cold phosphate buffer (pH 7.4) saturated with H : S gas. The lip was dehydrated and 
embedded in paraflin. and 20 pm thick serial sections were cut. After deparafiination the serial sections 
were subjected to intensification procedure (GORCSCI al.. 1979; HERNADI et al.. 1987) to visualize the Co-
sulfide in the nerve fibres. After intensification the serial sections were dehydrated and covered with 
canadabalsam and studied with a light microscope. 
In order to determine the localization and the serotonergic nature of the neurons sending axonal 
processes to the lip. 5.6-dihydroxytryptamine neurotoxine was injected into the body cavity of each 
animal in a dose of 10 mg/kg body weight which induces the pigmentation of the serotonergic neurons (S-
R6ZSA et al.. 1986; HERNADI el al.. 1988. 1989). Thereafter the CNS was excised and Nickel-lysine 
backfilling was done through the proximal end of the lip branch of the medial lip nerve thai was put into a 
vaselin cup containing 200 jiM Ni-lysinc. After 48h transporting time the Ni ions were visualized with 
rubeanic acid giving a bluish colour (QUICK and BRACE, 1979; HERNADI et al.. 1984) to the neurons that 
send axonal processes to the lip. The serotonergic neurons sending axons into the lip had bluish 
colorization and contained rusty-brown pigment granules in their somaia. The CNSs were dehydrated, 
embedded into canadabalsam and studied as whole mount preparations. The map of the Ni — labelled 
blue and the double labelled (blue and pigmented) serotonergic neurons was drawn from microscope by 
using a drawing apparatus. 
For light microscopical immunocytochemistry the lips were fixed in 4% paraformaldehyde in 0.1 
M phosphate buffer (pH 7.4) for 12h at 4 C and were washed overnight in the buffer. The samples were 
dehydrated and embedded in paraflin. Immunocytochemical procedure was performed on 15 (im thick 
deparaffinated sections according to Stcrnbcrger (1979). Both the serotonin and FMRFamidc antibodies 
were used in 1:3000 dilution in phosphate buffered saline containing 0.3% Triton X—100 (PBSTX). 
Antiserum specificity for 5HT and FMRFamide was tested by replacing the primary antibody with 
normal rabbit serum at the same dilution. After the development of the immunocytochemical reaction 
with DAB-HiOj the sections were dehydrated in ethanol followed by xylene and covered with 
canadabalsam. 
Results 
L I G H T M I C R O S C O P I C A L A N A L Y S I S O F T H E I N T E N S I F I C A T E D S E R I A L S E C T I O N S 
In the serial sections a dense labelled fibre system can be observed (Fig. l .a). 
The major i ty of the labelled fibres can be observed in the muscula ture , while in the 
g landular mass intermingled with muscle cells only a few groups of labelled fibres 
can be detected running parallel with the gland cells (Fig. 2.a). T h e labelled fibres 
that originate f rom large labelled nerve trunk (Fig. l .b) run over the muscle cells 
have different d iamaters and n u m e r o u s varicosities (Fig. l .a). The varicosities a re 
either small or large on the labelled fibres (Fig. I.e. d). A m o n g the gland cells nerve 
fibres with small varicosities a re dominan t (Fig. 2.b) while fibres with large 
varicosities can only scarcely be observed (Fig. 2.c). 
Fig. I. In the intensificated section of the lip a rich arborization of the innervating fibres can be seen 
in ihe musculature, consisting of thin (small triangles) and thick (large triangles) nerve fibres (Fig. l.a). 
The solitary' fibres originate from large labelled nerve trunks (nt) (Fig. I .b). The labelled fibres have small 
(Fig. I.c) or large (Fig. I.d) varicosities (small triangles) over the muscle cells, scale bars: 10 urn 
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Fig. 2. Among the gland cells (gc) small irunks of labelled fibres (nt) run parallel with the gland cells 
(Fig. 2.a). The labelled fibres invaginate into the gland cells and have small (Fig. 2.b) and large (Fig. 2.c) 
varicosities on them (open arrows), scale bars: 10 jim 
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F M R F A M I D E A N D S E R O T O N I N ( 5 H T ) I M M U N O R E A C T 1 V E E L E M E N T S I N T H E 
L I P 
F M R F a m i d e i m m u n o r e a c t i v e fibres were f requen t ly detected in the 
m u s c u l a t u r e of the lip. bu t only scarcely a m o n g ihe g land cells (F ig . 3.). 
I m m u n o r e a c t i v e fibres a re observab le in nerve t r u n k s and a lso a s sol i tary fibres with 
small varicosi t ies a m o n g the muscle cells (Fig. 3.). I m m u n o r e a c t i v e nerve cell bod ies 
c a n n o t be de tec ted . 
5 H T - i m m u n o r e a c t i v e fibres can be seen all over the muscu la tu re of the lip but 
rarely seen a m o n g the g land cells (Fig. 4.) . T h e immunoreac t i ve fibres run in g r o u p s 
in the nerve t runk o r a s thin and thick sol i tary fibres a m o n g the muscle cells. 
N u m e r o u s varicosi t ies can be observed on single i m m u n o r e a c t i v e fibres. 
I m m u n o r e a c t i v e neu rona l s o m a t a c a n n o t be seen in the sections. 
M A P P I N G O F C E R E B R A L N E U R O N S T H A T S E N D A X O N A L P R O C E S S E S T O T H E L I P 
In the cerebra l gangl ion the n e u r o n a l cell bod ies tha t send axona l processes to 
the lip c an be seen as b lue cells a f t e r Ni- lysine backfi l l ing of the nerve b ranch of the 
media l lip nerve. Blue labelled n e u r o n s can be detected in all pa r t s o f the cerebra l 
gang l ion , but they a re d o m i n a n t on the vent ra l sur face (Fig. 5.). T h e se ro tonerg ic 
n e u r o n s a p p e a r as rus ty -brown p igmented cell bodies a f t e r 5 , 6 - D H T inject ion. T h e y 
are located only on the vent ra l sur face of the cerebra l gangl ion (detailed descr ip t ion 
see: S-RÓZSA et al . . 1 9 8 6 : H E R N Á D I et a l . , 1 9 8 8 , 1 9 8 9 ) . Af t e r Ni-lysine backfi l l ing 
12—15 p igmented se ro tonerg ic n e u r o n s become blue co loured in the m e t a c e r e b r u m 
a r o u n d the me tace rebra l g iant cell ( M G C ) (Fig. 5.). 
Discussion 
In the lip the o rgan iza t ion of the muscle cells in to longi tudinal and t ransversa l 
fibres is s imilar to that described in the b o d y wall o f o ther g a s t r o p o d species 
( R O G E R S . 1 9 6 8 . 1 9 6 9 ; P L E S C H . 1 9 7 7 ) . Acco rd ing to the analys is of the intensificated 
Co-label led fibres, the lip muscu la tu re and g l a n d u l a r mass a re innerva ted by 
n u m e r o u s th in a n d thick labelled fibres with smal l and large varicosit ies, which 
d e m o n s t r a t e tha t they a re innerva ted by t w o morpho log ica l types of fibres. T h e 
gland cells a re innerva ted p r e d o m i n a n t l y by thin fibres with small varicosit ies, while 
the muscle cells a re innerva ted by a roughly equal n u m b e r of b o t h thin and thick 
fibres. On the basis of the Co- lys ine backfi l l ing of the lip as well as the Ni- lysine 
backfi l l ing o f the cerebral gangl ion, the innerva t ing fibres m a y or ig ina te par t ly f rom 
the labelled n e u r o n s located in the lip and par t ly f r o m the labelled n e u r o n s in the 
cerebra l gangl ion tha t send neural processes to the lip t h r o u g h the medial lip nerve. 
Acco rd ing to the light microscopical i m m u n o c y t o c h e m i s t r y b o t h 5 - H T and 
F M R F a m i d e i m m u n o r e a c t i v e fibres can be seen in the lip. T h e d is t r ibut ion of the 5-
H T and F M R F a m i d e immunoreac t i ve fibres is s imilar; they a re d o m i n a n t a m o n g 
the muscle cells and have small varicosit ies. A m o n g the g land cells in termingled with 
muscle cells these fibres c an scarcely be observed . T h e morpho log ica l a p p e a r a n c e of 
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Fig. 5. The distribution of Ni-labelled cerebral neurons sending axonal processes to the lip on the 
surface of the cerebral ganglion after. 5,6-DHT pigmentinduction. dark simbols: nickel-labelled 
pigmented serotonergic neurons, open simbols: nickel-labelled non pigmented neurons, cbc: ccrcbro-
buccal connective, cc: cerebral comissure, cplc: cerebro-pleural connective, cpdc: cerebro-pedal 
connective, iln: inner labial nerve, mln: medial labial nerve, oln: outer labial nerve, on: olfactory nerve, 
pn: penis nerve, lb: lip branch of the medial lip nerve, tb: anterior tentacular branch of the medial lip 
nerve, PC: proccrebrum, MC: mesocercbrum. asterisk: Mctaccrcbral giant cell, scale bar: 10 (im 
the 5 - H T and F M R F a m i d e immunoreact ive fibres are very similar to the thin Co-
labelled fibres with small varicosities. Therefore, it is difficult to establish whether 
they contain both 5 - H T and F M R F a m i d e in the same fibre or whether they 
represent separa te morphological types of innervating fibres. The 5 - H T and 
F M R F a m i d e immunoreact ive fibres may originate f rom the cerebral ganglion since 
neither 5 - H T nor F M R F a m i d e immunoreact ive cell bodies were observed in the lip, 
but numerous Ni-labelled bluish neurons proved to be serotonergic in the cerebral 
ganglion sending axonal processes to the lip demons t ra t ing the dominancy of the 
C N S in the serotonergic and F M R F a m i d e r g i c innervat ion. 
Fig. 3. FMRFamide immunoreactive fibres (Fig. 3.) can be frequently detected in the paraffin 
section of the lip. The thin labelled fibres are branching from nerve trunks (nt) and have small varicosities 
(triangles) among the muscle cells (mc) but not among the gland cells (gc). Nerve cell bodies can not be 
observed in ihe sections, cc: epithelial cell layer: scale bar: 10 ^m 
Fig. 4. Serotonin immunoreactive fibres can be observed predominantly among the muscle cells 
(mc). The labelled fibres have thick (large triangles) and thin appearances with varicosities (small 
triangles), nt: nerve trunk, scale bar: 10 nm 
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Abstract 
Movement behaviour o f Auchenorrhyncha and Acridoidea populations was studied in the 
boundary zones o f ungrazed grassland patches and their surroundings on a sandy pasture field, at 0 — 5 0 
cm height. The probability o f the direction of movements was estimated by maximum likelihood method 
and chi square test. 
Movements of 17 Auchenorrhyncha species (15%) were more or less directed. The ungrazed 
grassland supplied species for grazed areas mainly in the spring season, while in the dry summer period its 
..refuge" character became important as it was established from the increas of immigration from the 
pasture. 
More marked directionality was observed in the movements o f dominant grasshopper populations. 
The Acridoidea community of ungrazed area was continuously, intensively supplied from the pasture, 
and this tendency culminated in the summer. The movements were less intense in the boundary zone of 
the forest, and this means the retaining, attractive effect of the ungrazed patch. 
Key words: Acridoidea. Auchenorrhyncha. direction, movement, sandy grassland, window-trap 
Introduction 
Compos i t ion and spat io- temporal pat terns of ecological communi t ies at a 
habi ta t a re influenced by the interact ions with exterior communi t ies . T h e intensity 
of these interactions depends on the similarity or dissimilarity of communit ies , on 
the degree of their isolation, on the size of the habi ta t , etc. In case of insect 
popula t ions the most c o m m o n manifestat ion of this relat ionship is in movement 
activities. Unders tandab le , tha t the investigations of different movement types are 
f requent . 
One of the extreme cases of asimmetric migrat ional relat ionships between 
communi t ies of ad jacent habi ta ts is, when either fauna needs con t inuous supply 
( D E L E T T R E , 1986). There a re par t ly similar seasonal migrat ion relat ionships 
between the fauna of cultivated p lants and that of connected border ing of weed 
( B E 1 R N E , 1956; I T O and MlYASHITA, 1961; A R Z O N E and V L D A N O , 1984; etc.). In 
cont radic t ion to these temporal habitats , the relat ionships of popula t ions of 
cont inuously connected communi t ies are more complicated, because in this case the 
possibility of con t inuous scattering exists ( P U R C E L L and F R A Z I E R , 1985). The 
scattering individuals may utilize the surrounding patches as reservior (BLOCKER et 
al., 1972), wintering o r feeding sites (WALOFF, 1973), o r to complete their life cycles 
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( T A Y L O R , 1 9 8 5 ) . T h e survival s t ra tegies coupled with m i g r a t i o n or d i spers ion a r e 
well k n o w n ( S Y M M O N S and M C C U L L O C H , 1 9 8 0 ; R O F F , 1 9 7 5 ; R O B E R T S , 1 9 7 8 ; 
M A R I N O . 1 9 8 6 . etc.) . 
If we want t o s tudy the t u rnove r of individuals o f two c o n t i g u o u s h a b i t a t s , it 
seems o b v i o u s t ha t we would m e a s u r e the m o v e m e n t of insects in the b o u n d a r y 
zone. W e can choose the layer of act ive flight ( b o u n d a r y layer), where the flight 
speed of insects is larger t h a n the wind speed ( T A Y L O R . 1974). O v e r this the 
individuals t ha t passed the „ b o u n d a r y layer i n t e r f a c e " sp read inactively. T h i s 
m o v e m e n t is cons idered a s the t rue migra t ion ( T E R A G U C H I , 1986). He igh t o f t h e 
b o u n d a r y layer in terface between act ive and pass ive spreed is c h a n g i n g f r o m 30 cm 
t o several meters in cer ta in insect g r o u p s ( T A Y L O R , 1974). O n the basis o f l i t e ra tu re , 
in ou r op in ion the e x a m i n a t i o n of ac t ive flight's zone indica tes m o r e precisely the 
flyings in f r o m shor t d i s t ances (since the efficiency o f ga the r ing d e p e n d s 
cons iderab ly on the d is tance f r o m the t r ap ( R A A T I K A I N E N and V A S A R A I N E N , 
1973), and this helps to e l imina te the effect of wind nea r the soil sur face ( M E D L E R . 
1962). 
T h e a im of this s tudy is to invest igate the m o v e m e n t s in two insect c o m m u n i t i e s 
in the b o u n d a r y layer between an ungrazed grass land p a t c h a n d the c o n n e c t i n g 
pas tu re and fores t , respectively. W e w a n t to d r a w a conc lus ion a b o u t , w h a t is the 
degree of i ndependence of the t w o commun i t i e s wi th d i f ferent ind ica t ion of spa t i a l 
he terogenei ty (coarse gra ined o r fine grained ( G A L L É et al . . 1 9 8 5 ) , a t h a b i t a t s 
connec ted t h r o u g h b o u n d a r y zones , and to w h a t ex ten t is s imi lar or d iss imilar t h e 
degree and direct ion of the seasona l individual t u rnove r of their p o p u l a t i o n s ? 
Materials and methods 
T H E EXAMINED AREA 
Investigations were carried out in the Bugac region of K N P at the 2.4 ha part of a sandy pasture 
that is free of grazing from 1976. At the southern, longer side this plot is adjacent to the wide pasture, that 
has been still used. At the opposite, northeastern side a 2—3 m broad earth road and a young aspen forest 
are situated. The surrounded area is heteromorphous because of the varied relief with sand hills and wind 
grooves, and on the other hand of mosaic-like pattern of vegetation that represent different successional 
stages. Three associations of varied patch size dominate the experimental area: I. Polenlillo-Fesiuceium 
pseudovinae-, 2. Festuceium vaginaiae danubiale, and 3. Molinio-SaUcetum rosmarinifoliae. For detailed 
d e s c r i p t i o n o f v e g e t a t i o n see KORMOCZI et a l . , 1981: BODROGKOZY a n d FARKAS, 1 9 8 1 . 
COLLECTING METHODS 
10—10 window traps were placed along the two longer sides of the experimental area (Fig. 1.). The 
size of collecting dishes was 50x25x5 cm. filled with ethyleneglycol as destroying agent. 2 — 2 dishes were 
divided by glass plate which was 50 cm high. The traps were placed parallel with the border line of the area 
to separate the entering and leaving individuals. Traps worked from March to November each year, 
samples were collected in general fortnightly. In 1981 the samples were collected at heights of 0—50 . 
50—100 and 100—150 cm to determine the correlation between efficiency of collecting and height. In 
1982 the two lower levels were used, and on the basis of their results in 1983 we evaluated only the material 
of the lowermost dishes. In 1982 we placed a trap with 6 dishes in the forest. 10 m from the edge of aspen 
woods, to estimate the populations moving there. 
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ID Festucetum vaginatae typicum 
013 " " Caricetosum 
M " " Stipelosum 
(¿1 " " Brometosum 
0 Potentillo-Festucetum pseudovmae 
Fig. 1. Vegetation map of experimental area. 
PROCESSING METHODS 
1. For statistical evaluation of movement direction of populations entering or leaving the 
experimental area we used the maximum likelihood estimation of Bernoulli binomial distribution. We 
started from the proportion of the number of entering individuals to that of leaving individuals in ease of 
both boundary zones. We examined the validity of the following two conditions: 
a) We supposed, that the movement is undirected, in this case the number of individuals caught at 
opposite sides of the trap must be nearly the same, that can be controlled in the traps or in groups of traps. 
b) If the movement is directed, the number of individuals at opposite sides of the traps would be 
different, and the direction of differences is the same. 
2. Significant difference of the two sides was controlled also by chi-square test on the basis of class 
frequency ratio of 1:1. 
For criterion of directionality we used p<O.OI significance level at percentage probability of 
undirectionality calculated by maximum likelihood estimation. 
Fig. 2. shows the relationships between percentage probability of undirectionality and chi-square 
values of significant differences. Regarding the critical values of chi-square test the chosen 1% probability 
value falls between 0.025>p>0.01 significance levels. Only the values less then this limit were regarded as 
significant directionality. This range was divided into 3 tracks for further refinement of significance levels 
(see fig. 6. A—B and fig. 8. A—B). 
Results 
O n the basis of resul ts of provisory col lect ions the d i s t r ibu t ion o f 
Auchenorrhyncha individuals in 0—50. 50—100 and 100—150 cm s t r a t a was 8 4 . 8 % , 
8 . 2 % a n d 7 . 0 % , respectively. Th i s was calculaled f r o m 1696 indiv idua ls collected in 
1981. In 1982 the d i s t r ibu t ion o f 13895 collected imagos in the 0 — 5 0 a n d 50—100 
\ 
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Fig. 2. Relationship between probability values (P%) of undirectionality calculated with maximum 
likelihood method and chi-square values of significant difference. Dotted lines sign significance levels of 
chi-square test. 
cm strata was: 8 4 % and 16%, respectively. Individuals of only 8 species occurred 
exclusively in one of the upper dishes. 16 specimens all. In the case of Acridoidea only 
3.9% of all individuals occurred in the upper dishes. 
Above results and larger scale s t ra t i f icat ion-examinat ions f rom W A L O F F 
( 1 9 8 4 ) . W E B E R and W I L S O N ( 1 9 8 1 ) and G Ü N T H A R T ( 1 9 8 8 ) show that the movemen t 
activity of insects in the grass or herb layer is best observable in the 0—50 cm 
s t ra tum. In the followings we shall consider the material of these t raps only. 
I . T U R N O V E R O F I N D I V I D U A L S I N T H E B O U N D A R Y Z O N E S 
1. Qualitative and quantitative distribution according to the directions of traps 
In both experimental year ( 1 9 8 2 — 8 3 ) 4 1 6 8 9 Auchenorrhyncha individuals and 
1 2 9 6 6 Acridoidea imagos were collected. In addi t ion the number of g rasshopper 
nymphs is signed ( though probably the efficiency of t raps is less in this case), since 
their movement directionality was very similar to that of adul ts . The individual 
number of nymphs was not more then 882. Tables 1—4. of Appendix show the 
species composi t ion of collected material and the sex ratio of imagos. 
We found 118 Auchenorrhynca species a l together in the collected mater ial . T h e 
largest species number was recorded at the forest side in both years (108 and 113), 
while at the pasture side individuals of 95 and 88 species were collected, respectively. 
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1982 
Species Forest Plot Pasture Plot 
¿ 9 6 9 3 9 6 9 
C1CADELLIDAE 
Aconurella quadrum H. S. 1 
Agallia laevis RIB. 7 3 6 2 31 3 II 1 
Allygus atomarius FABR. — — 1 — — 
Alfygus commutatus FIEB. — 1 — 1 — 
Allygus mixlus FABR. — 1 — — — 
Anaceraiagallia ribauli Oss. 6 4 6 3 9 4 II 3 
Anoscopus albiger GERM. 
Anoscopus hislrionicus FABR. — 1 I 
Anoscopus serralulae FABR. — — — — — — 
Aphrodes bicincius SCHR. 1 1 — — 23 3 21 5 
Arboridia parvula BOH. 8 2 2 1 7 2 I 5 
Arocephalus lanquidus FLOR. 3 2 1 1 5 6 3 3 
Arthaldeus pascueüus FALL. — — 1 — — — 
Arlhaldeus striifrons KIRSCHB. 1 — 1 — 1 — 1 
Ariianus iniersliiialis GERM. 28 10 23 9 17 6 26 6 
Alhysanus argentarius METC. 1 1 1 — 1 
Auslroagallia sinuala M. R. 12 12 38 14 12 4 12 5 
ßalclullia rhenana WAGN. 1 — 1 — 1 1 
Balracomorphus irroralus LEW. 2 2 1 I 3 2 7 8 
Bobacella corvina HORV. 182 67 1 0 4 75 77 30 102 54 
Chlorila dumosa RIB. 30 5 20 13 64 42 66 39 
Chloriia liungarica RIB. — — — — — 
Chlorita paolii Oss. 29 10 7 4 30 10 17 7 
Cicadella viridis L. 2 — 1 — 1 1 1 
Cicadula quadrinoiata FABR. — 1 — 1 — 1 1 
Deltocephalus pulicaris FALL. I 1 — — 1 
Dikraneura similis EDW. — — — 1 _ 
Doralura exilis HORV. 6 1 5 3 8 1 10 2 
Doratura helerophyla HORV. 5 2 3 1 20 1 18 1 
Doratura homophyla FLOR. 51 23 31 26 163 39 132 18 
Doratura impudica HORV. 1 — — 
Doralura striata BOH. 42 II 48 9 45 25 47 16 
Dryodurgades dlabolai WAGN. 2 3 2 — 1 3 
Edwardsiana candidula KIRSCHB. 9 — 10 3 4 2 __ 
Edwardsiana rosae L. — — — — — 1 
Emelvanoviana mollicula BOH. 25 15 27 29 8 9 6 3 
Erraslunus nolatifrons KIRSCHB — — — — 1 
Eryllironeura discolor HORV. 1 — 1 — 1 
Eupelix cuspidaia FABR. 20 4 26 3 26 6 14 2 
Eupteryx aurata L. 4 7 5 8 9 15 4 8 
Eupteryx collina FLOR. — — — — — 1 
Eupteryx notata CURT. 10 2 7 2 16 4 20 7 
Eupteryx staehydearum HARDY 6 9 3 4 2 3 2 3 
Eupteryx thoulessi Eow. 26 18 II 10 3 4 6 5 
Euscelidius schenckii KIRSCHB. — — — 1 1 1 
Euscelis incisus KIRSCHB. 24 9 19 6 58 15 48 13 
Goniagnathus brevis H. S. II 4 8 4 31 5 19 5 
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Graplincraerus vein ralis FALL. 13 4 7 1 14 5 16 4 
Handianus ignoscus MEL. 
Hardyopsis instilaría LINUB. 1 3 3 2 — 1 — 2 
Hecalus glaucescens FIEB. 4 7 8 8 7 7 2 9 3 21 1 0 9 2 0 
Idiocerus albicans KIRSCHB. 1 — 2 1 — 2 — — 
Idiocerus decimusquartus SCHRK. — — — 1 — — — — 
Idiocerus distinquendus KIRSCHB. 1 — — — 2 — — — 
Idiocerus humilis HORV. — — 1 — — — 1 — 
Idiocerus populi L. 5 4 14 12 1 2 1 1 
Jassargus ohtusivalvis KIRSCHB. 10 5 7 2 1 — 1 — 
Jassargus sursumflexus THEN. — 9 1 3 — 2 1 I 
Kyhos abstrusa LINN. 2 5 — 12 — 4 — 5 — 
Limoteltix striola FALL. — — — — 1 — — — 
Limotettix transversus FALL. — — 1 — — — — — 
Macropsis impura BOH. 2 — 2 
Macropsis vicina HORV. 2 
Macrosleles laevis RIB. — 1 1 — — — 1 — 
Macrosleles quadripunclulalus KIRSCHB. 1 
Macusius grisescens ZETT. 2 2 2 7 9 118 54 4(1 16 3 2 2 0 
Megophtabnus scanicus FALL. - — 1 — — — 1 — 
Mendrausus pauxillus FLEB. 161 31 1 0 3 3 0 2 6 3 3 9 2 3 7 3 7 
Micamulina siigmalipcnnis M. R. 4 7 15 4 7 19 2 3 8 1 5 7 1 8 6 1 0 9 
Mocuellus collinus BOH. — — — — 1 1 — — 
Mocueüus metrius FLOR. 1 — 
Mocydia crocea H. S. I 1 
Mocydiopsis attenuata GERM. 
Mocydiopsis parvicauda RIB. — 1 2 — — 1 — — 
Neoaliturus feneslratus H. S. 7 13 9 8 9 10 I I 9 
Neoalilurus haemaloceps M. R. 2 2 — 1 I I 6 12 3 
Oncopsis sp. 
Paluda preyssleri H. S. 1 — 4 — — 1 1 1 
Paluda vitripennis FLOR. 6 0 16 6 2 2 7 9 7 4 0 6 5 4 3 
Paralimnus phragmitis BOH. — 1 — — — — — — 
Paramesus ohtusifrons STAL — 2 
Penthimia nigra GOEZE — — 1 — — — — 1 
Planaphrodes elongalus LETH. 7 7 3 3 8 9 5 0 6 8 2 8 1 1 2 4 1 
Ptatymeiopius major KIRSCHB. — 1 — — — — — — 
Platymetopius undatus DE GEER 1 
Psammotettix alienus DHLB. 5 — 5 1 11 3 8 4 
Psammolellix confinis DHLB. 13 5 2 0 8 3 0 1 3 3 1 1 5 
Psammoteltix hungaricus OROSZ 1 1 
Psammolellix pallidinervis DHLB. 8 5 12 4 3 — 5 — 
Psammolellix provincialis RLB. 3 6 9 2 5 3 2 6 9 2 2 9 5 4 4 4 1 3 5 2 2 3 6 7 
Psammolellix slovacus DLAB. 2 3 1 — 1 1 1 1 
Recilia schmidlgeni WAGN. 2 7 6 2 4 2 3 4 18 7 1 1 2 7 5 9 6 4 5 
Speudoiellix subfusculus FALL. 3 — — — — 2 — — 
Sireplanus aemulans KIRSCHB. — — — — — 1 — — 
Sroggvlocephalus livens ZETT. 
Teiariosiylus pellucidus WAGN. — — 1 1 — 1 — — 
Turrulus socialis FLOR. 2 9 5 100 1 6 5 8 4 5 1 0 1 5 2 5 3 8 1 6 5 
Ulopa iugens GERM. 
Ulopa trivia GERM. 10 4 5 1 4 2 4 1 
Zygina lunar is M R . 10 11 2 0 10 I 2 1 2 
M O V E M E N T S O F P H Y T O P H A G O U S INSECT P O P L LATIONS 135 
Zygina nivea M R. 
Zygina lilhide FERR. — 5 1 3 — — — — 
Zyginidia pullula BOH. 1 0 0 4 1 6 7 4 0 112 9 4 9 1 5 6 
DELPHAC1DAE 
Delphacodes albifrons FIEB. — — 1 — — — — — 
Dicranolropis liamala BOH . 
Diiropsis flavipes SIGN. — — — — I — — — 
Euconomelus lepidus BOH. — 1 — — 1 — — — 
Eurybregma nigrolineala SCOTT 1 — 
Eurysula lurida FLEB. 1 5 I 6 1 5 — 3 
Falcoioya minuscufo HORV. 3 7 7 4 4 5 5 0 4 6 6 6 4 6 8 3 
Gravesieiniella boldi SCOTT 7 4 7 8 7 7 8 3 1 6 12 2 6 3 0 
Hvledelphax eleganiulus BOH. 1 — — — — — — — 
Jassidaeus lugubris SIGN. 19 13 11 8 5 2 2 1 2 5 
Javesella dubia KIRSCHB. — — — — — — — — 
Javesella pellucida FABR. 1 3 3 2 2 2 — 3 
Kelisia brucki FlEB. — — — 1 — — 1 — 
Kelisia monoceros RIB. 2 — 1 
Kelisia pallidula BOH. 1 — — — 1 — — — 
Kelisia perrieri RIB. — — — — — 3 — — 
Kelisia ribauli WAGN. 
Kosswigianella exiqua BOH. 3 15 2 4 1 9 — 1 — — 
Megadelpliax sordidulus STAL — — — — — — — — 
Meladelphax propinqua FLEB. 2 5 4 5 3 9 5 1 2 
Muellerianella fairmairei PERR. 2 — 1 1 1 — — — 
Muirodelphax aubei PF.RR. I 
Ribaulodelpliax alboslriala FlEB. 4 — — 1 — — — 1 
Ribauiodelpliax imitans RIB. — — 1 
Stenocranus minulus FABR. 
Siruebingianella palliceps HORV. 
WeidnerianeUa margínala FALL. 1 7 11 2 6 2 2 1 2 9 1 7 I I 
Xanlhodelphax siraminea STAL I 1 
TETTIGOMETRIDAE 
Telligomelra aira HGBACH. 
Tel ligóme Ira concolor FLEB. 1 
Telligomelra suphurea M. R. 1 — I 
CERCO PID AE 
Aphrophora alni FALL. — 3 
Aphrophora salicina GOEZE 1 
Lepyronia coleoplrala L. 2 6 2 0 1 5 2 1 2 2 I I 2 5 11 
Neophilaenus campeslris FALL. 8 1 0 3 4 2 5 21 13 2 2 
Neophitaenus linealus L. 4 2 1 2 — — — — 
Neophilaenus minor KLRSCHB. 1 — 1 
Philaenus spumarius L. 9 1 2 6 9 8 4 16 1 5 
TROP/DUCHIDAE 
Trvpelimorpha feneslrala COSTA 4 3 4 1 1 1 2 1 
ISSIDAE 
Ommaiidioius dissimilis FALL. 4 8 2 8 3 9 2 8 14 17 2 3 14 
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ACH ILID AE 
Cixidia marginicollis SPIN. — — — — 1 — 
MEMBRA CID A E 
Sliclocephala bisonia K. Y. — — — — — — — — 
C1XHDAE 
Pentastiridius leporinus L. — — — 2 2 1 1 
DICTYOPHARIDAE 
Chanilhus pannonicus GERM. — — — — — 1 
Total 2603 11% 2059 1115 3809 1449 3400 1409 
Table 2. Individual number of species collected in 1983. (Auchenorrhyncha) 
1983 
Species Forest Plot Pasture Plot 
< J 2 < J 9 < 3 9 d 9 
CICADELLIDAE 
Aconurella quadrum H. S. — — I — — — — — 
Agallia laevis RIB. 6 3 2 3 1 0 8 18 1 3 9 14 6 7 1 8 
Allygus atomarius FABR. 
Allygus commutatus FIEB. — — — 1 — — — — 
Allygus mixtus FABR. 
Anaceralagallia ribauli Oss. 3 0 — 4 6 1 3 5 5 17 3 
Anoscopus albiger GERM. 1 — — — — — — — 
Anoscopus histrionicus FABR. 1 
Anoscopus serralulae FABR. I — — — 1 — — — 
Aphrodes bicinclus SCHR. — 2 — 1 2 2 3 1 
Arboridia párvulo BOH. — 1 2 1 1 1 2 — 
Arocephalus ¡anquidus FLOR. 2 8 15 17 10 9 7 3 4 
Arihaldeus pascuellus FALL. 
Arlhaldeus slriifrons KLRSCHB. 2 — 1 — — — 1 1 
Ariianus iniersiiiialis GF.RM. 3 0 22 3 6 10 6 4 I I 3 4 16 
Alhysanus argeniarius METC. 
Auslroagallia sinuala M. R. 19 5 7 1 0 5 6 6 3 5 2 9 2 5 2 0 
Balcluiha rhenana WAGN. — — — — — 1 — — 
Balracomorphus irroralus LEW. I 1 — 1 10 9 4 8 
Bobacella corvina HORV. 1 1 4 82 9 4 1 1 9 6 6 3 9 6 2 6 0 
Chlorita dumosa RIB. 7 7 2 4 3 6 2 2 5 9 2 5 51 1 3 
Chlorita hungarica RIB. — — — — — 1 — — 
Chlorita paolii Oss. 3 1 8 18 1 5 2 1 5 9 3 2 0 9 2 19 
Cicadella viridis L. 1 — — 1 — — — — 
Cicadula quadrinotata FABR. 
Deltocephalus pulicaris FALL. 4 8 1 4 3 7 1 6 
Dikraneura similis EDW. 1 — — — I — 1 — 
Doratura exilis HORV. 4 
Doratura heterophyla HORV. 5 3 4 1 — 1 — — 
Doratura homophyla FLOR. 17 13 17 17 2 4 8 5 3 2 2 6 5 6 
Doratura impúdica HORV. 3 1 5 3 — — — — 
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Doratura slylala BOH. 
Dryodurgades dlabolai WAGN. 
Edwardsiana candidula KlRSCHB. 
Edwardsiana rosae L. 
Emelyanoviana molllicula BOH. 
Errastunus nolatifrons KlRSCHB 
Erylhroneura discolor HORV. 
Eupelix cuspidala FABR. 
Eupteryx aurata L. 
Eupieryx collina FLOR. 
Eupteryx notala CURT. 
Eupieryx siachydearum HARDY 
Eupteryx thoulessi EDW. 
Euscelidius schenckii KIRSCHB. 
Euscelis incisus KIRSCHB. 
Goniagnalhus brevis H. S. 
Graphocraerus veniralis FALL. 
Handianus ignoscus MEL. 
Hardyopsis insularis LINDB. 
Hecalus glaucescens FIEB. 
Idiocerus albicans KlRSCHB. 
Idiocerus decimusquanus SCHRK. 
Idiocerus disiinquendus KIRSCHB. 
Idiocerus humilis HORV. 
Idiocerus populi L. 
Jassargus obtusivalvis KIRSCHB. 
Jassargus sursumflexus THEN. 
Kybos abstrusa LINN. 
Limoieuix siriola FALL. 
Limoletlix transversus FALL. 
Macropsis impura BOH. 
Macropsis vicina HORV. 
Macrosteles laevis RIB. 
Macrosteles quadripunctulatus KIRSCHB. 
Macuslus grisescens ZETT. 
Megophtalmus scanicus FALL. 
Mendrausus pauxillus FIEB. 
Micantulina stigmalipennis M. R. 
Mocuellus collinus BOH. 
Mocueüus melrius FLOR. 
Mocydia crocea H. S. 
Mocydiopsis attenuata GERM. 
Mocydiopsis parvicauda RIB. 
Neoaliturus fenestratus H. S. 
Neoaliturus haematoceps M. R. 
Oncopsis sp. 
Paluda preyssleri H. S. 
Pallida vilripennis FLOR. 
Paralimnus phragmilis BOH. 
Paramesus obtusifrons STAL 
Penthimia nigra GOEZE 
Planaphrodes elongatus LETH. 
Plaiymetopius major KIRSCHB. 
7 6 1 7 6 2 
1 3 — 
5 1 2 
7 1 3 0 5 0 
1 — 1 
5 0 4 6 5 
8 3 5 
1 6 5 7 1 7 
2 I 2 
1 — 
2 6 5 5 
17 5 3 6 
2 1 4 
7 2 9 2 7 
2 1 
2 0 1 5 9 
2 3 1 6 
1 I — 
15 4 8 
15 8 1 2 
4 6 6 4 0 
13 1 7 
1 1 5 2 3 9 2 
5 7 8 2 0 
7 6 9 11 
5 12 4 
1 — 
2 0 3 9 8 3 1 
7 5 2 
18 15 1 8 
2 2 1 14 
2 4 
7 2 — 
5 — 
3 5 — 
1 2 
7 16 4 11 — 5 
1 1 — I — 
8 8 3 1 8 3 3 7 1 2 9 
1 0 0 2 5 1 6 4 2 6 
1 4 5 2 3 6 
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8 1 2 1 8 15 1 0 8 
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Platymelopius undaius DE GEER 
Psammolellix alienus DHLB. 
Psammolellix confina DHLB. 
Psammolellix hungaricus OROSZ 
Psammolellix pallidinervis DHLB. 
Psammolellix provinciális RlB. 
Psammolellix slovacus DLAB. 
Kei ilia schmidtgeni WAGN. 
Speudoleilix sub/usculus FALL. 
Slreplanus aemulans KlRSCHB. 
Sroggylocephalus livens ZETT. 
Telarioslylus pellucidus WAGN. 
Turrutus socialis FLOR. 
Vlopa lugens GERM. 
Ulopó trivia GERM. 
Zygina lunar is M R . 
Zygina nivea M. R. 
Zygina tilhide FERR. 
Zyginidia pullula Вон. 
DELPHACIDAE 
Delphacodes albifrons FlEB. 
Dicranotropis húmala Вон. 
Dilropsis flavipes SIGN. 
Euconomelus lepidus Вон. 
Eurybregma nigrolineata SCOTT 
Eurysula I и г ida F l E B . 
Falcotoya minuscula HORV. 
Gravesteiniella holdi SCOTT 
Hyledelphax elegantulus Вон. 
Jassidaeus lugubris SIGN. 
Javesella dubia KlRSCHB. 
Javesella pellucida FABR. 
кelisia brück i FlEB. 
Kelisia monoceros RLB. 
Kelisia pallidula Вон. 
Kelisia perrieri RlB. 
Kelisia ribauli WAGN. 
KosswigianeUa exiqua Вон. 
Megadelphax sórdida lus STAL 
Xfetadelphax propinqua FIF.B. 
Muellerianella fairmairei PF.RR. 
Muirodelphax aube i PERR. 
Rihautodelphax albostriata FIEB. 
Ribauiodelphax imilans RIB. 
Stenocranus minutus FABR. 
Siruebingianella palliceps HORV. 
Weidnerianella margínala FALL. 
Xanihodelphax slraminea STAL 
TETT1G0M ETRIDAE 
Teitigomeira aira HGBACH. 
Telligometra concolor FlEB. 
Tel ligóme Ira suphurea M R . 
13 7 9 2 7 2 
i 
7 5 
31 14 21 9 49 18 27 13 
24 10 22 11 25 10 31 16 
710 703 656 609 689 690 580 556 
13 6 14 6 4 3 4 5 
561 96 368 61 1416 81 1392 113 
2 
— 2 — 2 1 1 — 1 
251 63 241 61 162 35 192 30 
1 — 1 
43 1 32 — 27 — 20 3 
2 — 1 — 1 — — — 










































































8 3 2 3 5 12 5 5 
1 — — 
2 2 3 — — — 1 
1 1 — — 1 — 
1 — — 
14 5 11 8 — I — 
3 10 I 5 3 1 5 5 
1 
1 — 1 — 1 — — 
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CERCOPIDAE 
Aplirophora alni FALL. 
Aphrophora salicina GOEZE 
Lepyronia coleoplrala L. 2 5 2 3 3 4 14 3 3 19 31 2 9 
Neophilaenus campestris FALL. 14 15 12 14 19 2 9 2 7 2 0 
Neophilaenus linealus L. 1 1 3 4 2 1 1 — 
Neophilaenus minor KLRSCHB. — — 1 1 — — — — 
Philaenus spumarius L. 4 8 7 13 3 3 3 3 
TROPIDUCHIDAE 
Trypelimorpha feneslrala COSTA 16 5 5 2 1 1 1 — 
ISSIDAE 
Ommalidiolus dissimilis FALL. 2 7 21 16 2 2 16 12 2 2 16 
ACHILIDAE 
Cixidia marginicollis SPIN. 1 I 3 — — — 1 I 
MEMBRACIDAE 
Sticlocephala bisonia K . Y . — 1 
CIXIIDAE 
Pcnlasliridius leporinus L. — — — 1 2 1 1 1 
DICTYOPHARIDAE 
Chanilhus pannonicus GF.RM. I — 1 — 2 1 
Total 3 9 2 5 2 0 9 6 3 5 2 2 2 0 4 5 4 9 5 9 2 0 5 9 4 2 7 0 1 7 9 3 
Table 3. Individual number of species collected in 1982. (Acridoidea) 











Calliplamus ilalicus L. 6 2 1 1 24 11 31 14 
Callipiamus harbarus COSTA 3 I 3 3 9 9 10 9 
Nymphs: 5 3 19 7 
ACR/DIDAE 
Oedaleus decorus GER. 2 1 
Nymphs: — — 2 — 
Oedipoda coerulescens L. — 1 — 2 3 2 1 2 
Nymphs: — I 2 1 
Dociostaurus brevicollis EVER. 22 11 16 6 11 8 12 8 
Nymphs: 2 — — — 
Stenobothrus IS.) crassipes CHARP. 44 15 56 19 93 26 30 10 
Slenobolhrus (S.) fischeri EVER. 18 13 13 I I 8 9 13 4 
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Sienobolhrus IS.) nigromaculalus H. S. 10 10 16 15 13 I I 2 0 2 0 
Nymphs: 2 I I 
Omoceslus (O.) venlralis ZETT. 2 — 1 1 3 1 
Omoceslus ID.) haemorrhoidalis CHARP. 6 10 31 7 2 5 I I 
Nymphs: — 
Omoceslus I D.I peiraeus BRIS. 4 4 3 2 9 3 7 3 
Myrmeleoiellix anteimaius FIF.B. 5 2 1 1 1 1 
Myrmeleoieuix maculalus THUNBG. — 2 1 3 
Nymphs: — 
Chorihippus (G.) brunneus THUNBG. 9 I 11 4 2 4 6 12 2 
Chorihippus 1G.I mollis CHARP. 2 4 4 I I 4 18 3 10 
Chorihippus (Ch./ dichrous EVER. 2 1 7 1 7 6 6 3 
Chorihippus (Ch.) dorsalus ZETT. 10 6 2 4 13 9 8 7 
Chorihippus (Ch.) longicornis LATR. 2 8 16 2 7 16 6 0 19 2 5 I I 
Nymphs: — 2 
Euchorihippus pulvinalus F. W. 6 5 17 5 8 16 2 7 13 3 4 12 
Euchorihippus declivus BRIS. 4 6 9 I I I 6 6 1 1 1 3 5 2 3 2 0 2 2 3 3 1 4 0 
Nymphs: 9 1 4 3 
Total (adult) 7 2 7 2 1 7 8 9 7 2 2 0 8 7 7 3 4 7 4 8 0 2 5 8 
Total (adult + nymph) 9 6 2 1 1 3 5 1251 7 4 9 
Table 4. Individual number of species collected in 1983. (Acridoidea) 
1983 
Species Forest Plot Pasture Plot 
S 9 6 9 Ó 9 S 9 
CATANTOPIDAE 
Calliplamus ii aliens L. 2 2 1 13 4 2 6 8 15 7 
Calliplamus barharus COSTA 2 1 — 1 4 3 I 2 
Nymphs: 3 7 2 2 1 2 9 7 6 
ACRIDIDAE 
Oedaleus decorns GER. 1 2 1 
Nymphs: 7 I 4 
Oedipoda coerulescens L. 3 2 4 — — 1 1 
Nymphs: 12 5 3 14 
Dociosiaurus brevicollis EVER. 3 3 8 1 3 10 2 9 18 14 4 
Nymphs: 2 2 
Sienobolhrus (S.) crassipes CHARP. 6 6 2 6 6 3 9 2 2 7 3 4 4 
Sienobolhrus (S.) fischeri EVER. 2 4 2 5 14 2 6 3 4 3 2 3 0 4 4 
Sienobolhrus (S.) nigromaculalus H. S. 3 6 6 3 6 14 5 7 18 3 9 1 8 
Nymphs: 14 7 5 13 
Omoceslus (0.) venlralis ZETT. — — 
Omoceslus ID.) haemorrhoidalis CHARP. 12 I I 2 2 1 2 I I 2 
Nymphs- 5 8 
Omoceslus ID.) peiraeus BRIS. 5 3 3 — 12 2 4 1 
Myrmeleoiellix aniennalus FLEB. — 3 — 
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Myrmeleolellix maculalus THUNBG. 1 — — — 1 1 — — 
Nymphs: 1 — — — 
Chorlhippus (G.) brunneus THUNBG. 16 5 2 1 7 10 8 5 3 
Chorlhippus (G.) mollis CHARP. 3 2 7 3 0 7 18 3 15 3 
Chorlhippus (Ch.) dichrous EVER. 4 2 — 1 5 8 3 — 
Chorlhippus (Ch.) dorsalus ZETT. 3 — 4 2 14 8 11 2 
Chorlhippus (Ch.) longicornis LATR. 8 8 5 6 1 7 0 105 2 1 3 1 4 0 8 8 3 9 
Nymphs: 2 3 3 0 2 0 2 8 
Euchorthippus pulvinalus F. W. 3 2 6 4 1 13 1 8 10 12 11 
Eucliorlhippus declivus BRIS. 1 1 4 4 2 1 8 1 7 2 6 2 8 7 1 8 2 0 5 6 3 5 5 0 2 3 8 
Nymphs: 4 3 4 8 7 2 1 7 7 
Total (adult) 1524 342 2157 482 2374 851 834 379 
Total (adult + nymph) 2005 2753 3460 1533 
At the forest side larger difference was measured in the number of species arr iving 
f rom the two direct ions — n u m b e r of entering species was 98 and 102, that of 
leaving ones was 87 and 91, respectively. At pas ture side there was not considerable 
difference between the two directions. Here the number of enter ing species was 82 
and 77. that of leaving ones was 80 and 76, respectively. 
Quant i ta t ively the movements to the direction of ungrazed area domina ted in 
both bounda ry zones. The number of individuals f rom the forest exceeded that of 
emigrants by 19.8% (1982) and 8 .2% (1983), and that f rom the pas ture by 9 .3% and 
15.6%. respectively. N u m b e r of males was abou t 2.5 times larger than that of 
females in the distr ibution of individuals moving at the pasture side, but at the forest 
side we caught only a b o u t 1.9 times more males. 
In totali ty the individual turnover was greater at the pas ture side in both years, 
in 1982 it was greater about 1.5 times, and in 1983 1.13 times as high as that of forest 
side. 
Species number of grasshoppers did not alter neither in respect of the two 
bounda ry zones, nor within them between the two directions. Species number was 
20 everywhere with minimal replacement . Quanti tat ively we measured large inprush 
at the pasture side and lighter ou tp rush at the forest side in bo th years. Traps 
collected more individuals by 65 .8% (1982) and by 165.9% (1983) f rom the 
direction of pas ture than f rom the ungrazed area . At the same t ime the number of 
individuals moving to the direct ion of forest was greater by 18.3% and 41 .4%, 
respectively, than to the opposi te direction. We found much more males than 
females (4x) a m o n g individuals moving at the forest side (in contradis t inct ion to 
Auchenorrhyncha), but at the pas ture side only 2.3 times more males were caught . 
The intensity of individual turnover within the bounda ry zones is a lmost same in the 
two years. 
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2. Seasonal alteration of movement activity 
T o study the temporal appearance and quality of general seasonal tendency, we 
calculated the catching quant i t ies per day for each collecting period. So we ob ta ined 
comparab le da t a that can be seen at Fig. 3. and 4. 
Auchenorrhyncha have maximal activity in M a y — J u n e in both b o u n d a r y zone 
in both year (Fig. 3.). Th i s may be followed by a much lighter increase in Augus t 
(this vas wery large at pasture in 1983), or in Sep tember—October (in the case of the 
forest in 1982). 
At the forest side the surplus which directed to the experimental area appea red 
in the activity max imum. At the pas ture side the enter ing surplus could be registered 
only in midsummer and in October , but not steady tendency was found in the o ther 
periods in respect of catching direction. 
Very high peak of activity was measured in July in the movemen t of 
grasshoppers , tha t lasted in the beginning of Augus t (Fig. 4.). Also a smaller peak 
ind day"' ind day'1 
April MayJuneJu ly A u g Sept Oc t Nov April May June July Aug.Sept Oct Nov 
Fig. 3. Seasonal changes of individual number of Auchenorrhyncha imagos per day in both years, from 
data summed up according to trap directions. 
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Fig. 4. Seasonal changes of individual number of Acriiloidea per day in both years, from data summed up 
according to trap directions. 
fo rmed in M a y 1983 that was caused by larvae. (Data of the figures contain also 
larvae in the case of this group. ) 
Definite and consequent t rend can be seen in the number of animals arr iving 
f rom different direct ions af ter development and becoming dominan t of imagos. 
This may be p romoted by small species number . Con t inuous inrush could be 
measured at the pas ture side until September, intensity of which was the largest at 
activity max imum. T h e ou t rush at the forest side was not so lasting and intensive. 
ind- day"1 
1563 n 
• " immigrant" 
E2 " em i g r an t " 
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In the course of eva lua t ion o f global d a t a di f ferent t r ends of several 
popula t ions may conceal , suppress each other , mainly in case of the 
Auchenorrhyncha communi ty with large species number . Tha t is why we examined 
the popula t ions of dominan t species one by one. Genera t ions o r subpopu la t ions 
may behave in different manner . T o determine activity per iods we examined the 
seasonal percentage distr ibution of impor tant species in the collected material (Fig. 
5 .A—C). The popula t ions were divided into subpopula t ions on this basis. T h e place 
of division is marked by a r row at the connected activity curves. 
Fig. 5.A) Seasonal distribution of dominant Auchenorrhyncha species. (Arrows indicate the division of 
subpopulations.) 
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I hus ihe movement directionality was calculated separately lor the 
distinguished periods. T h e summarized results a re shown by Fig. 6 .A—B. 
Quanti tat ively the inrush predomina ted at both side in case of Auchenorrhyncha, 
number of species moving significantly to the direction of pasture was 6, that of 
species moving to the direction of forest was 7. At the same time 10 species entered 
the sampling area f rom the pas ture and 7 from the forest. 
It seems f rom the jo in t evaluat ion of two kinds of figures, that three activity 
per iods distinguished in the case of Auchenorrhyncha. These are M a r c h — M a y , 
June—Augus t and September—October . 
In the spring aspect the out rush predominated at the pasture side (Bobacella 
corvina, Planaphrodes elongalus, Hecalus glaucescens, Psammotellix provincialis 
and Recilia schmidtgeni), while at the forest side the inrush was d o m i n a n t (Bobacella 











Recti ia schmidi gem 
March April i May June i July | Aug Sepl Pel ^ Nov 
Fig. 5.B) Seasonal distribution of dominant Auchenorrhyncha specics. (Arrows indicate the division of 
subpopulations.) 
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Fig. 5.C) Seasonal distribution of dominant Auchenorrhynclia speices. (Arrows indicate the division of 
subpopulations.) 
provinciális. Turrutus socialis. Recilia schmidtgeni). This trend directing to the 
pas ture turned over in the summer months . The movement activity decreased in the 
warmest period of July. The attractive efTect of the experimental area increased tha i 
can be measured on the inrush from the pas ture in case of Falcoioya minúscula. 
Paluda vitripennis, Micanndina stigmatipennis. Doraiura homophvla. Psammotettix 
provinciális, Hecalus glaucescens and Mendrausus pauxitlus. At the forest side the 
out rush predomina ted in the popula t ions of Falcoioya minúscula. Paluda 
vitripennis, Austroagallia sinuata and Mendrausus pauxillus. 
In the a u t u m n m o n t h s the trends were not so clear. Only Eupelix cuspidata 
moved towards the pasture, while inrush of Zyginidia puliula. Agallia laevis and 
Recilia schmidtgeni could be measured. At the forest side two species moved f rom 
the forest (Turrutus socialis and Recilia schmidtgeni), the o thers moved in the 
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• 
Fig. 6. A) Differences of numbers of „immigrant" and ..emigrant" individuals of dominant 
Auclienorrhyncha spccies at forest side, from data summed up according to subpopulations (1.2.3). 
Graphs of the two experimental years are separated. 
Fig. 6.B) Differences of numbers of ..immigrant" and ..emigrant" individuals of dominant 
Auchenorrhyncha species at pasture side, from data summed up according to subpopulations (1.2.3). 
Graphs of the two experimental years are separated. 
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direction of forest (Zyginidia pullula, Paluda vilripennis. Agallia hie vis. 
Auslroagallia sinuaia). 
The seasonal activity peaks of adults of the three most a b u n d a n t Acridoidea 
popula t ions (Euchorlh ippus declivus. Chorthippus longicornis and Slenoboihrus 
crassipes) appeared equally in July (Fig. 7.A-C). but the maximal activity of S. 
crassipes may shift over August (see in 1983). It is evident , tha t these three 
popula t ions are responsible for seasonal movement t rends characterist ic for whole 
Acridoidea fauna , which is shown at Fig. 4. The single directionalities are nearly the 
same. Deviation was found in the case of S. crassipes at forest bounda ry , where the 
Fig. 7.A) Seasonal distribution of imagos of grasshopper populations. 
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Fig. 7.B) Seasonal distribution of intagos of grasshopper populations. 
significance of directionality decreased, and in the case of C. longicornis only the 
direction could be detected in 1982 (probably because of low individual number) . In 
totali ty significant and intense inrush f rom the pasture and less intense, but 
significant ou t rush to the forest happened additively in both years in case of these 
three popula t ions . This scheme of directionality of pasture O forest in reflection of 
individual turnover passing th rough the boundary zones is shown by Fig. 8.A-B. 
These figures demons t ra te well the very diverse p ropor t ions of the popula t ions . 
The distr ibution of individuals of Stenobolhrus fischeri, S. nigromaculatus and 
Euchorlhippus pulvinatus popula t ions , density of which was less then that of species 
ment ioned above, was more balanced at the two sides of traps. Between the sides of 
t raps such effects s tood out that were opposite and suppressed directionality. 
Movement of these popula t ions is qualified undirectional on the basis of the 
analysis. Seasonal segregation may have a role in this in addi t ion to the above 
mentioned. 
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May June July Aug. Sep: Oct 
Fig. 7.C) Seasonal distribution of imagos of grasshopper populations. 
We analysed the joint populat ions of Calliptamus italicus and C. barharus 
because of the low number of individuals (in the examinat ion period their 
abundance really decreased, and we can suppose that this collecting method is less 
adequate for them). Likewise, because of the low individual number , we joined the 
residual populat ions (populations regularly with low density) as a . .residual" group, 
and evaluated their common movement . As it could be expected, we could not detect 
directionality in case of the two later groups, though the rate of their individual 
turnover directing to the experimental grassland patch exceeded that of emigration 
in both boundary zones, in both years, both in summer and in au tumn aspect. 
Discussion 
On the basis of studies dealing with habitats of similar type, we could suppose 
that the herbivore communities living on our experimental field have larger species 
set than those living on the pasture. This hypothesis was based on the properties of 
the habitat , such as larger diversity of microhabitats , larger phytomass 
( A N D R Z E J E W S K A and G Y L L E N B E R G , 1 9 8 0 ; N A G E L . 1 9 7 9 ) . more comfor tab le 
microclimate ( M Ü L L E R . 1 9 8 0 : M Y E R S . 1 9 8 0 ) , difl'erences in the architecture of 
vegetation ( L A W T O N and S C H R Ö D E R . 1 9 7 8 ; L A W T O N . 1 9 8 3 : S T I N S O N and B R O W N , 
1 9 8 3 ) . and presence of more, potential host plant species ( M U R D O C H et al., 1 9 7 2 : 
S O U T H W O O D e t a l . . 1 9 7 9 ) . 
Above hypothesis is authentic in the case of Auchenorrhyncha communi t ies for 
the fauna of pasture parts farther f rom the boundary zone (GYÖRFFY unpublished 
data) , but regarding the boundary zone the differences are not significant. In this 
zone the structure of joining vegetations is much more similar, than at the forest side 
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Fig. 8.A) Differences of numbers of ..immigrant" and ..emigrant" individuals of grasshopper 
populations at forest side, from summed data. 
where the differences in species number are more considerable (cf. J A G O M A G I et al., 
1988). Shading cffect of the forest also can be regarded at later site. Because of this 
the differences in the species number of Auchenorrhyncha communit ies , mobility of 
which is relatively lower, are impor tan t , while the species number of Acridoidea 
communit ies of larger mobility is the same everywhere. 
Previous data also predicted that the probabi l i ty of immigrat ion is larger f rom 
the pasture to the experimental area. Active and directed movements can be 
increased by at tract ive effect of larger a m o u n t of phytomass ( A N D R Z E J E W S K A . 
1 9 7 1 ) . by effect of quality of habi ta t to movement activity C L A R I D G E et al.. 1 9 7 7 : 
D E N N O , 1 9 8 5 ; T H O M A S and S I N G E R . 1 9 8 7 ) , by small size of sampling area 
( G A R B A R C Z Y K . 1 9 8 7 ) , as well as by property of more varied architecture decreasing 
the wind effect ( L E W I S . 1 9 6 9 ) . 
This inrush expected f rom direction of pasture was experienced in both 
communit ies . In the case of Auchenorrhyncha the at tract ive effect of the sampling 
area increased mainly in the summer m o n t h s in accordance with microclimate. 
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B 
P r o b a b l i l y of j n d i r e c l i o n a l i l y (*/•) 
Fig. fi.B) Differences of numbers of ..immigrant" and „emigrant" individuals of grasshopper populations 
at pasture side, from summed data. 
C o m m u n i t y of ungrazed area shared in species supply for the pasture in spr ing and 
au tumn period, and ensured the intering of some popula t ions arriving f rom the 
pasture in a u t u m n , respectively. 
The pasture gives a con t inuous supply for the sampling area consider ing the 
Acridoidea communi ty . 
On the basis of 17 examined Auchenorrhyncha popula t ions we did not find such 
consistent t rends appear ing in both years, as was found at grasshoppers . Causes of 
this may be the less mobility and . connected with this, the coarse—grained 
behaviour (GALLE et al., 1985), the greater claim for host plants, the larger 
sensitivity to microclimate (and macroclimate), and in many case prefer r ing the 
do rmancy to migrat ion. 
As a result of their coarse—grained behaviour certain popula t ions were of 
different abundance in the ne ighbourhood of some t raps (e. g. Gravesteiniella holdi. 
Agallia sinuala, Eupelix cuspidata, Hecalus glaucescens, Macustus grisescens, 
Falcotoya minuscula) in spite of the fact , that we tried to place the t raps in similar 
habitats . Because of this the differences in probabi l i ty of directionali ty calculated 
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fo r each t r a p were o f t en large, some t imes with oppos i t e t r ends , t ha t vi t iated the 
va lue of significance. 
M o r e in t ense a n d s igni f icant d i rec ted m o v e m e n t s a r e c h a r a c t e r i s t i c fo r 
p o p u l a t i o n s o f large dens i ty in g r a s shoppe r communi t i e s . K A U F M A N N (1965) 
r epor ted a dens i ty d e p e n d e n t , t ough larval mass migra t ion , a n d po in ted ou t o rd ina l 
re la t ion be tween densi ty and speed of migra t ion . N o d o u b t tha t in o u r case the 
dens i ty effect has a n o t h e r sense, and it means not mass mig ra t ion but increased 
f r equency of di rected m o v e m e n t pa t t e rn deriving f r o m the large individual n u m b e r . 
W e can s u p p o s e f r o m the significant undirec t ional i ty of relatively low dens i ty 
popu la t ions , tha t ecological cond i t ions o f the a rea a re f a v o u r a b l e fo r t h e m , there is 
n o stress to cause m o v e m e n t s , since they segregate seasonal ly , their dens i ty is low, so 
there is n o compe t i t i on . M o v e m e n t o f „res idual species" g r o u p s u p p o r t s this 
hypothes is , since it reflects to a t t r ac t ive and re ta in ing effect of the a rea f r o m b o t h 
d i rec t ions . 
It is easy to u n d e r s t a n d , tha t in this exper imen t m o v e m e n t types o f 
g r a s shoppe r s a re in co r re la t ion wi th fine—grained pro jec t ion of e n v i r o n m e n t a l 
h e t e r o m o r p h y ( G A L L E et al . , 1 9 8 5 : S Z O N Y I a n d K I N C S E K , 1 9 8 6 ) , but we can no t 
neglect tha t the p o p u l a t i o n s a re d i f ferent in the preference o f vege ta t iona l pa tches . 
A N D E R S O N ( 1 9 6 4 ) s tudied the pa tch selection of g rasshoppers , a n d de t e rmined its 
causes in co r re la t ion between t a x o n o m i c c o m p o s i t i o n of vegeta t ion a n d feeding 
type o f g ra s shoppe r s . His final conc lus ion was tha t d i s t r ibu t ion of g r a s s h o p p e r s is 
n o n r a n d o m . M a n y case s tudies (e. g. F A R R O W , 1 9 8 2 ; J O F . R N , 1 9 8 3 ) s u p p o r t , t ha t 
m o v e m e n t pa t t e rn o f several g r a s shoppe r commun i t i e s is very d i f fe ren t , 
consequen t ly large d i f ferences have to be supposed in their m ic ro h ab i t a t selection. 
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Zusammenfassung 
Beim Menschen ist die Entwicklung der sekundären Geschlechtsmerkmale eines der sichersten 
Anzeichen für den Beginn der Pubertät. In den Jahren 1981 —1984 untersuchte der Verfasser in Ungarn 
den Entwicklungsgrad der sekundären Geschlechtsmerkmale bei 16000 Mädchen und gibt gleichzeitig 
einen Überlick über deren Ausprägung bei 18248 ungarischen Mädchen im Zeitraum zwischen 1968 und 
1984. 
Anhand des zur Verfügung stehenden umfassenden Datenmaterials lässt sich konstatieren, dass 
der 50%-Grad der Erwaschscnenentwicklung für die Brüste bei 11.60—12.75: für die Schambehaarung 
bei 12.10—13.00 und für die Axillarbehaarung bei 12.40—13.40 Jahren liegt (Methodik nach TANNER, 
1962 und GRIMM, 1966). Der Menarchemedian für die Jahrgänge 1981—1984 liegt in Ungarn bei 12.79 
Jahren. 
Schlüsselwörter: Sekundäre Geschlechtsmerkmale, ungarische Mädchen. Axillarbehaarung. 
Schambehaarung. Brustentwicklung. 
Einführung 
Beim Menschen isl die Entwicklung der sekundären Geschlechtsmerkmale 
eines der sichersten Anzeichen fü r den Beginn der Pubertät . Dieser Prozess wird 
durch das Ansteigen der Produkt ion von Sexualhormonen sowie die Verr ingerung 
des im C o r p u s pineale produzier ten und im Blutserum zirkulierenden Mela tonins 
stimuliert (Abb. 1). 
U m über das Reifestadium einer Kinderpopula t ion ein zuverlässiges Bild zu 
bekommen, bedient man sich verschiedener Möglichkeiten: 
1. Best immung des Melatoninspiegels im Blutserum mittels der Radio-Assey-
Methode 
2. Best immung des Titers der Sexualhormone 
3. Bei Mädchen die Best immung des Menarchezei tpunktes und bei Jungen das 
Auf t re ten der ersten Pollution mit prospektiven und restrospektiven Verfahren oder 
mit der S ta tus -quo-Methode 
4. Un te r suchung der verschiedenen Entwicklungsstadien der sekundären 
Geschlechtsmerkmale 
5. Best immung der Stufen der körperlichen Entwicklung (morphologisches 
Alter). 
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Abb. I. Veränderungen des Gehalls an Melatonin und Sexualhormonen entsprechend der 
Entwicklungsstufe der männlichen Genitalien (nach SILMAN et al. 1979). 
Verglichen zu d e n anderen sind die be iden e r s tgenann ten Ver f ah ren d ie 
genaue ren , ihre A n w e n d u n g ist j edoch zeit- und k o s t e n a u f w e n d i g e r . Die drei 
a n d e r e n M e t h o d e n lassen nu r eine indirekte B e s t i m m u n g zu. m a n k a n n sie abe r a u f 
eine grosse S t i c h p r o b e n a n z a h l ausdehnen und mit ve rhä l tn i s smäss ig ge r ingen 
finanziellen Mit te ln d u r c h f ü h r e n . 
Material und Methode 
Die in den Jahren 1981—1984 durchgeführten Untersuchungen zum Menarchealter der Mädchen 
erfolgten mit Hille der Status-quo-Methode auf der Grundlage anonymer Fragebögen. Von 32000 
Mädchen erhielten wir 34 Basiswerte und ausserdem von 22000 Jungen die Körpermasse 
(Körpergewicht. Körpergrösse. normaler Brustumfang). Ziel dieser Untersuchung war das Auflinden 
eines Zusammenhanges zwischen dem Menarchezeitpunkt und sozio-ökologischen Faktoren. 
Ausser dem Menarche-Median bestimmten wir den Entwicklungsgrad der sekundären 
Geschlechtsmerkmale. Dabei bezogen wir uns auf die Schriften von TANNER (TANNER. 1962). Bei dieser 
Untersuchung bestimmten wir die Entwicklung der Brüste sowie der Axillar- und Schambchaarung mit 
Hilfe von Fotografien und den zugehörigen Beschreibungen und fertigten ein Entwicklungsschema bzw. -
skala an. Bei dieser Form der Datenerfassung hat man die Möglichkeit einzelne unklare Fälle erneut zu 
kontrollieren und sachlich zu klären. 
Den Entwicklungsgrad der sekundären Geschlechtsmerkmale bestimmten wir mittels einer 12-
Punkte-Skala (GRIMM. 1966). wobei anhand des dezimalen Lebensalters der Grad der 
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Erwachsenenentwicklung auf dem 50%-er Niveau dem Lebensalter zugeordnet wird. Um den Umfang 
methodischer Fehler zu verringern, wurden die sekundären Geschlechtsmerkmale eines jeden Mädchens 
von ein und derselben Person (Assistentin) beurteilt. Bei den Messungen der somalomelrischen Daten 
verfuhren wir glcichermassen. Die sekundären Geschlechtsmerkmale wurden so von 16000 Mädchen 
begutachtet. An den Mittelschulen hatten wir dazu keine Möglichkeit. 
Die Analyse der Daten erfolgte am László-Kalmár-Laboratorium für Kybernetik der Universität 
Szeged mittels Osiris-Programms auf einem R-55-Rechner. 
Diskussion 
Über die Entwick lung der sekundären Gesch lech tsmerkmale ungarischer 
Mädchen liegen nur wenige Angaben vor. 
E rwähnen möchten wir hier in erster Linie eine Publikation von J Ó N Á S und 
Mi tarbe i te r (1966). die Beobachtungen an 500 Mädchen aus os tungar ischen 
Städten und Dör fe rn enthal t . Ebenfalls in Südungarn machten wir eine 
Unte r suchung mit nicht zu grossem U m f a n g in den Jahren 1966—1967 in Szeged 
( F A R K A S . 1969). 
Eine weitere Unte r suchung erfolgte durch B O D Z S Á R an 1118 Mädchen in 
Dör fe rn des nördlich des Balaton gelegenen Bakony-Gebirges in den Jahren 
1977—1978 ( B O D Z S Á R . 1983). Angaben aus allen Landesteilen, aber mit mehr als 
der Häl f te aus Südungarn , das heisst mehr als 16000 Mädchen , wurden in einer 
Unte r suchung 1981 — 1984 mitgeteilt ( F A R K A S . 1986). Ein Teil dieser 
Untersuchungen kommt aus der südwestlich der D o n a u gelegenen Stadt Nagyatád , 
wo 857 Mädchen 1982 untersucht worden waren ( V Á R H E G Y I . 1985). 
Es sei d a r a u f hingewiesen, dass B O R S O S und Mitarbei ter in erster Linie unter 
kindergynäkologischen Gesichtspunkten eine 5-stulige Skala ausgearbeitet haben, 
in deren Bewertung die Ausbi ldung der Brüste, der Axillar- und Schambehaa rung , 
des Ute rus sowie die der zytologischen Abstriche eingeht ( B O R S O S und Mitarbei ter . 
1982). Un te r vergleichsweise ähnlichen kindergynäkologischen Aspekten erfolgte 
durch Ö R L E Y auch eine in drei Stufen angelegte Unte r suchung an Budapester 
Mädchen ( Ö R L E Y . 1975). Doch in den beiden zuletzt e rwähnten Arbeiten finden 
sich keine konkre ten Hinweise auf die Entwicklung der s ekundä ren 
Geschlechtsmerkmale . 
Diese Aufstel lung gibt einen Überblick über die Entwicklung der sekundären 
Geschlechtsmerkmale bei 18248 ungarischen Mädchen im Ze i t raum zwischen 1968 
und 1984 (Tabelle 1). Diese Beobachtungen haben aber eine unterschiedliche 
Anzahl an Elementen und en t s t ammen geografisch unterschiedlichen Gegenden. 
Ausserordentl ich gering ist die Zahl der Publ ikat ionen, die sich mit der 
Entwicklung der sekundären Geschlechtsmerkmale oder Reifung bei ungarischen 
Jungen befassen ( D E Z S Ő . 1965; J Ó N Á S und Mitarbei ter . 1968; F A R K A S . 1969). Das 
scheint seine Ursache in der Schwierigkeit der genauen Erfassung dieser 
Veränderungen zu haben. 
Anhand der uns zur Verfügung stehenden Angaben können keine 
weitreichenden Schlussfolgerungen gezogen werden. Doch zumindest lässt sich 
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Tab. I. Der 50%-Grad der Erwachscnencntwicklung für Brüsle. Axillar- und Schambehaarung bei 
ungarischen Mädchen (zusammengestellt nach mehreren Autoren) 
Verfasser Jahr Ort n 
50% Entw eklung (Lebensalter) 
Mammae Pubcs Axillae 
F A R K A S I966'67 Szeged 368 12.50 12.25 13.40 
JÓNÁS et al. 1968 Debrecen 226 11.60 12.10 13.15 
JÓNÁS et al. 1968 1 meebung 
Debrecen 96 11.85 12.90 13.40 
BODZSÁR 1977/78 Bakon) 1118 12.75 13.01 13.21 
VÁRHEGYI I 9 S 2 Nagyatád 857 11.80 12.20 12.40 
F A R K A S 1981,84 Ungarn 16431—16440 12.44 12.60 12.60 
sagen, dass der 5 0 % - G r a d der Erwachsenenentwicklung für die Brüste hei 
11.60—12.75; für die Schambehaarung bei 12.10—13.01 und für die 
Axi l la rbehaarung bei 12.40—13.40 Jahre liegt. Solch eine Gesetzmässigkei t , dass 
zum Beispiel bei den S tad tmädchen die Entwicklung f rüher einsetzt als bei Mädchen 
vom Lande . Hess sich nicht nachweisen. Das scheint aber an der N a t u r der E rhebung 
zu liegen, denn es wurden sehr unterschiedliche Grundgesamthe i t en verwendet was 
die Fehlerrate vergrössert , es bestand eine sehr grosse S t reuung in den Ze i tpunk ten 
der Datenerfassung, und die Angaben en t s t ammten sehr unterschiedlichen 
geografischen Gegenden. Dennoch erhielten wir ein zuverlässiges Bild über die 
Entwicklung der sekundären Geschlechtsmerkmale bei ungarischen Kindern . 
Notwendig wäre allerdings eine sorgfältig geplante, ausreichend grosse 
Untersuchung unter Berücksichtigung aller Gebiete des U n g a r n s und deren sozio-
ökologischen Besonderheiten. Eine Schätzung des Puber tä tsbeginns , sowie die 
d a r a u s erwachsenden Aufgaben für die Erziehung sind ohne exakte Angaben nur 
schwer d u r c h f ü h r b a r . 
Doch für die Realisierung solch einer Zielstellung, von ungarischen Kindern 
die notwendigen Angaben zu erhal ten, haben wir au fg rund der f ü r solche 
Untersuchungen fehlenden materiellen Mittel nu r wenig Hof fnung; und dennoch 
waren solche Forschungen notwendig, um Eltern. Ärtz ten und Lehrern objekt ive 
Beurteilungskriterien an die Hand zu geben. In gewissem U m f a n g helfen uns die 
Erkenntnisse aus unseren Untersuchungen in den Jahren 1981 —1984. wo wir eine 
Möglichkeit zur Bes t immung des Menarchezei tpunktes aufzeigten und auch eine 
Bewertung der Ausbi ldung der sekundären Geschlechtsmerkmale vo rnahmen . 
Solch eine in de r Z u k u n f t notwendige Analyse k ö n n t e nicht nu r neue 
Informat ionen über den Reifungsprozess bei ungarischen Kindern e rbr ingen , 
sondern auch dem Vergleich mit Angaben aus dem Ausland dienen. 
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Abstract 
A sample of 807 crania representing two 5—6th. ten 6—8th, one 9—10th. one 10th and two 
10—11th century populations were scored for 42 non-metric cranial traits in order to generate biological 
distance between these groups, elucidate migration patterns, or show genetic differences among these 
populations. Standard biological distance statistics were used to show the divergence among these groups 
and numerical taxonometric computer programs were utilized to display the relevant associations within 
and among these populations. Population samples under study were checked for side, sex and age 
dimorphism and dependencies of the traits utilized. It was found that while many of the Avar populations 
grouped together very well, some of the 5—6th populations grouped more closely with the 10—llth 
centuries materials than they do with the 6—8th cenlurics (Avar period) material. Some of this may be 
dues to small sample sizes for some of the 10th century Hungarian Conquest material. 
Key words: biological distance, non-metric traits. 5—I l ib centuries (Gepid. Avar. Hungarian Conquest. 
Arpadian Age) 
Introduction 
O u r abili ty to ana lyse the skeletal r ema ins of earl ier h u m a n p o p u l a t i o n s by the 
use of non-me t r i c and numer ica l t axonome t r i c stat ist ics has . t o a cons iderab le 
degree, a d d e d to the exist ing a n t h r o p o l o g i c a l m e t h o d o f morpho log ica l t a x o n o m y 
and metr ic analysis. Indeed, the sensitivity of t h e non-me t r i c analys is m a y be used in 
assigning an individual c r a n i u m to o n e of a n u m b e r of e thn ic g r o u p s (FlNNEGAN 
and M C G U I R E , 1979; FlNNEGAN and R U B I S O N , 1984). to help in the identif icat ion 
of basic d e m o g r a p h i c p a r a m e t e r s used in es tabl ish ing individual identi ty in m o d e r n 
forensic a n t h r o p o l o g y (FlNNEGAN. 1977), o r in de l inea t ing mic roevo lu t ionary 
changes ( J A N T Z , 1970; O R T N E R and C O R R U C C I N I , 1976). Howeve r , in the b r o a d e r 
sense, n o n - m e t r i c ana lys i s has been m o s t o f ten used in c o m p a r i n g va r ious 
popu la t ions with respect to biological d i s tance (see FlNNEGAN and F A U S T , 1974: 
FlNNEGAN, 1978 fo r deta i led references). 
S o m e o f the mos t in teres t ing mig ra t ion pa t t e rns have occur red in Cen t ra l 
Europe du r ing the first mi l l enn ium A. D. S o m e of the mig ra t ions of this per iod have 
been suggested on the basis of skeletal m o r p h o l o g i c a l t a x o n o m y and fewer by 
robus t metr ic s tat is t ical techniques , but on ly six of the p o p u l a t i o n s f r o m the 
C a r p a t h i a n Basin have been s tudied with respect to non-me t r i c t ra i ts (FlNNEGAN 
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and M A R C S I K , 1979). T h e p u r p o s e of this paper is t o r epor t c o n t i n u e d ana lys i s of 
earlier H u n g a r i a n p o p u l a t i o n s using non-metr ic t ra i t s and numer ica l t a x o n o m e t r i c 
statistics. 
Ma te r i a l and method 
Crania of 411 males and 396 females, representing 16 samples, two Gepid (5—6th c.) samples. 10 
Avar (6—8th c.) period and one 9—10th c., three Hungarian Conquest and Early Arpadian aged 
(10—1 Ith c.) samples were used. All samples arc stored in the Department of Anthropology. Attila József 
University, Szeged. Hungary. Specifies samples arc presented by name, cite location, sample size and 
rough dale in Table 1. These samples are further elaborated for physical anthropology by one or more of 
the f o l l o w i n g : BARTUCZ , 1 9 3 6 : KŐHEGYI a n d MARCSIK , 1 9 7 1 ; LIPTÁK . 1983; LIPTÁK a n d M A R C S I K . 
1966; 1970; 1 9 7 6 ; LIPTÁK a n d VÁMOS , 1969; LIPTÁK a n d V A R G A . 1974; LOTTF.RHOF . 1971; M A R C S I K . 
1971; VÁMOS . 1 9 7 3 ; W E N G E R . 1955 . 
Table / . Sample names and references used in this analysis along with maximum sample sizes and 
rough age by century. Sample sizes approximate 2n for those traits with bilateral occurrence 
Population Sample Reference Sample size Rough age 
<2n) (cent.) 
1. Kunszállás-Fülöpjakab LI F I Á K — V A R G A 1 9 7 4 62 8th 
2. Mélykút-Sáncdülö MARCSIK 1971 68 6—7th 
3. Debrecen-Árkus Homokbánya (not elaborated) 44 8th 
4. Madaras-Téglavető L I P T Á K — M A R C S I K 1 9 7 6 98 8lh 
5. Szeged-Fehértó-A L i p r Á K — V Á M O S 1 9 6 9 200 8th 
6. Szeged-Kundomb L i p r Á K — M A R C S I K 1 9 6 6 162 8th 
7. Szeged-Makkoserdö VÁMOS 1973 160 8th 
8. Sükösd-Ságod K Ő H E G Y I — M A R C S I K 1971 140 7—8th 
9. Kiszombor-B(Gepid) BARTUCZ 1 9 3 6 88 5—6th 
10. Szörcg-Téglagyár (not elaborated) 72 5—6th 
11. Szabadkígyós-Tangazdaság LOTTERHOF 1 9 7 1 . 
and others LIPTÁK 1 9 8 3 170 10—1 Ith 
12. Kiskőrös-Város alatt LIPTÁK 1 9 8 3 178 8th 
13. Szarvas-Kákapuszta L I P T Á K — M A R C S I K 1 9 7 0 34 9—10th 
14. Szentes-Kaján WENGER 1 9 5 5 82 7—8th 
15. Szentcs-Borbástanya LIPTÁK 1 9 8 3 18 10th 
16. Kiszombor-B (Arpadian Age) (not elaborated) 48 10—1 Ith 
Each cranium in each sample was scored by one of us ( M F ) for the 42 cranial non-metric traits 
following FINNEGAN and MARCSIK (1979). which can be used for reference. Seven of these traits are 
expressed only along the mid-sagittal plane and sample size is therefore dependent on the number of 
crania studied. The remaining 35 traits have the possibility of bilateral expression and the sample size for 
these traits is limited to the number of sides of crania or approximately twice the number of crania. Each 
population sample was checked for age dependency and side and sex dimorphism utilizing the theta 
derived ( 0 X 2 ) statistic whose distribution is very nearly the same as the standard X : . with one degree of 
freedom. 
• a v 2 - ( ® | — ® a ) 2 
l / n , i + I n , , 
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The Grewal-Smith statistic (mean measure of divergence (MMD). see FINNEGAN and COOPRIDER, 
1978). was used to generate all between sample distance measures based on the transformed frequencies 
of the observed non-metric traits: 
M M D = f | ( 0 i r - 0 2 i ) 2 — ( l / n H + l/n2 i)]/R 
Where 0 , , = arc sin (1 2Ph ) , 
PM = frequency of the ith trait in the sample 1. 
N| j = total sides or total crania in sample 1. 
i = trait number under summation. 
R = number of traits for a particular data set. 
While the M M D distance are complete in themselves, further testing and geographic 
representation of the population samples arc possible with numerical laxonometric statistics (SOKAL and 
SNEATH 1963; ROHLF, 1967; ROHLF et al, 1974). In this analysis the 16 dimensional matrix was subjected 
to a sequential agglomerative hierarchial cluster analysis (TAXON) using the unweighted pair-group 
method with arithmetic averages ( U P G M A ) using low values for similarity or least biological distance. A 
cophonetic value mctrix was generated and compared lo the original distance matrix for congucrence. 
which can be displayed as a bivariate scatter plot and can also be expressed as a correlation. 
Results 
While correlat ion analysis showed some age dependency, s tandard chi square 
analysis between younger and older crania showed the few significant differences to 
be less than chance expectat ion. Additionally, immature individuals had not been 
used in this analysis and the age range was generally between 20 and 60 years. Side to 
side differences were significant (©X 2 ) at o r above .05 level in 3 .72% of the male 
samples and 4 .16% in female samples. While these differences are below chance 
expectat ion it should be noted that trait expression in a sample is rarely symmetrical 
and that these asymmetries can be used in ethnic identification of individual crania 
( F I N N E G A N and M C G U I R E , 1979; F I N N E G A N and R U B I S O N , 1 9 8 4 ) . In this analysis 
we have pooled left and right sides. 
Sex differences were more pronounced generat ing 8.33% significant 
differences between males and females on each of the left and right sides 
compar isons . This exceeds chance expectation and some of these differences were 
significant at the .01 level o r higher. However, these significant differences are more 
o r less evenly distr ibuted across the 42 traits with both sex compar isons by side, 
showing slightly more than 1 significant difference per trait. Similarly, most traits 
showed one o r more significant sex differences across the 16 populat ion samples 
treating left and right sides separately, suggesting some r andomness to the 
distr ibution. 
For analysis we have pooled our sides and sexes in generating our distance 
matrix for the following reasons: 1. the number of each sex is about equal in each 
popula t ion ; 2. where significant sex differences occur we generally find them to be 
directional and similar in each popula t ion; 3. sex d imorphic traits have often proven 
to be the most impor tan t discr iminators in showing populat ion separat ion by 
principal componen t analysis ( K E L L O C K . and P A R S O N S , 1 9 7 9 ; F I N N E G A N , 1 9 7 2 ; 
B E R R Y . 1 9 7 5 ; F I N N E G A N , 1 9 7 8 ; B E R R Y , 1 9 7 9 ; F I N N E G A N a n d M A R C S I K , 1 9 7 9 ) . 
The raw da ta for frequency and sample size are given in Tables 2 and 3. T h e 
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Table 2. Frequencies for each trail in each population sample used in this analysis with sides and 
sexes pooled. 
CRANIAL NON-METRIC 
TRAITS: HU 1 HU 2 HU 3 HU 4 HU 5 HU 6 
1. HIGHEST N U C H A L LINE .500 .391 .700 .511 .823 .642 
2. C O R O N A L OSSICLES .000 .000 .000 .011 .020 .037 
3. OSSICLE AT BREGMA .000 .000 .000 .021 .010 .000 
4. SAGITTAL OSSICLES .034 .000 .053 .021 .160 .037 
5. OSSICLE AT LAMBDA .033 .030 .200 .064 .204 .192 
6. LAMBDOID OSSICLES .204 .295 .406 .375 .469 .418 
7. OS INCA .000 .000 .000 .000 .000 .000 
8. PARIETAL FOR .548 .603 .395 .559 .445 .542 
9. PARIETAL NOTCH BONE .100 .018 .00« .023 .116 .063 
10. ASTERIONIC BONE .000 .019 .000 .071 .060 .103 
II. A U D I T O R Y TORUS .000 .000 .000 .000 .000 .000 
12. MALAR TUBERCLE .088 .000 .000 .000 .000 .000 
13. OS JAPON .019 .000 .000 .(KM) .010 .006 
14. PTERION FORM .056 .020 .000 .012 .020 .057 
15. EPITER1C BONE .056 .021 .200 .128 .278 .190 
16. INFRA-ORBITAL FOR. .021 .027 .000 .050 .060 .044 
17. SUPRA-ORBITAL FOR. .458 .263 .216 .280 .151 .167 
18. FRONTAL FOR. PRESENT .390 .179 .108 .228 .156 .222 
19. METOPIC S U T U R E .097 .000 .050 .022 .102 .064 
20. MANDIBULAR FOR. .000 .019 .043 .058 .056 .039 
21. MYLOHYOID GROOVE .054 .035 .000 .011 .030 .033 
22. M A N D I B U L A R T O R U S .288 .000 .000 .065 .056 .058 
23. MENTAL FORAMEN .119 .051 .065 .056 .081 .045 
24. PALATINE T O R U S .148 .045 .071 .119 .162 .300 
25. ACC. LES PALATE FOR. .419 .433 .269 .228 .236 .483 
26. FOR. OF VESALIUS .325 .200 .182 .164 .218 .161 
27. FOR. OVALE .164 .067 .208 .059 .046 .053 
28. FOR. SPINOSUM .179 .227 .360 .165 .093 .171 
29. FOR. OF HUSCHKE .230 .220 .200 .250 .060 .043 
30. C O N D Y L A R FACET .000 .044 .000 .000 .026 .042 
31. POST. CONDY. FOR. .400 .490 .759 .711 .618 .599 
32. PRECONDY. TUBERCLE .040 .036 .000 .068 .080 .110 
33. ANTERIOR C O N D Y . FOR. .184 .115 .233 .115 .216 .167 
34. MASTOID FOR. .839 .725 .765 .837 .749 .850 
35. MASTOID FOR. EXSUT. .304 .196 .382 .244 .256 .183 
36. PARAMASTOID PROCESS .917 .829 .999 .919 .881 .852 
37. DIGASTRIC GROOVE .310 .264 .242 .267 .311 .281 
38. STYLOMASTOID FOR. .016 .000 .000 .000 .000 .000 
39. ZYGO-MAX. TUBEROS. .582 .442 .423 .506 .707 .732 
40. ZYGO-FACIAL FOR .113 .354 .100 .198 .242 .217 
41. ANT. ETH. FOR. EX. .462 .619 .889 .370 .185 .200 
42. POST. ETHMOID FOR. .053 .263 .000 .160 .199 .083 
B I O L O G I C A L D I S T A N C E IN T H E 5 - 1 I T H C E N T U R I E S P O P U L A T I O N S 1 6 7 
IIU 7 HU 8 HU 9 HU 10 HU II HU 12 HU 13 HU 14 HU 15 HU 16 
.713 .692 .892 .686 .748 .551 .571 .688 .813 .933 
.006 .0(H) .023 .031 .028 .028 .030 .050 .000 .042 
.000 .015 .000 .029 .000 .000 .000 .000 .000 .000 
.123 .046 .025 .000 .055 .024 .000 .083 .000 .091 
.351 .156 .098 .194 .247 .181 .143 .182 .375 .174 
.518 .425 .300 .554 .552 .420 .500 .462 .438 .267 
.000 .000 .000 .000 .000 .000 .000 .000 .000 .042 
.462 .485 .536 .493 .451 .500 .500 .679 .625 .646 
.130 .III .153 .048 .087 .070 .133 .095 .125 .130 
.187 .081 .024 .111 .136 .053 .148 .154 .188 .149 
.000 .000 .000 .000 .000 .017 .067 .012 .000 .104 
.032 .020 .100 .071 .034 .086 .100 .056 .188 .128 
.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
.058 .017 .012 .000 .000 .006 .030 .012 .000 .000 
.134 .168 .247 .152 .128 .161 .161 .206 .188 .256 
.018 .037 .085 .000 .088 .023 .031 .026 .118 .000 
.127 .158 .214 .085 .138 .226 .294 .222 .333 .104 
.199 .114 .167 .155 .242 .109 .176 .232 .333 .152 
.063 .086 .093 .056 .048 .067 .059 .146 .000 .083 
.069 .052 .141 .082 .085 .047 .071 .086 .067 .146 
.061 .061 .095 .021 .030 .094 .037 .089 .000 .104 
.058 .054 .000 .000 .167 .064 .000 .067 .438 .083 
.059 .046 .045 .019 .091 .045 .100 .016 .313 .042 
.029 .051 .049 .143 .066 .140 .250 .243 .778 .522 
.271 .151 .200 .273 .206 .174 .172 .194 .188 .273 
.115 .196 .333 .171 .271 .064 .000 .116 .214 .152 
.088 .067 .081 .116 .028 .035 .034 .068 .063 .III 
.115 .167 .137 .220 .096 .115 .107 .091 .000 .156 
.131 .212 .081 .138 .156 .088 .033 .099 .000 .042 
.025 .000 .000 .048 .000 .072 .000 .000 .000 .(MX) 
.598 .602 .658 .581 .644 .303 .286 .504 .688 .574 
.044 .057 .000 .045 .000 .080 .125 .000 .000 .043 
.183 .178 .253 .200 .163 .166 .097 .190 .125 .311 
.897 .866 .901 .942 .905 .948 .000 .941 .938 .809 
.375 .361 .444 .269 .250 .263 .464 .279 .125 .191 
.912 .824 .781 .850 .765 .970 .966 .922 .875 .911 
.224 .222 .253 .200 .207 .232 .276 .192 .125 .283 
.013 .000 .000 .000 .000 .000 .000 .025 .000 .000 
.350 .410 .284 .458 .370 .560 .412 .570 .611 .596 
.192 .221 .165 .263 .142 .292 .030 .221 .176 .064 
.388 .244 .132 .444 .406 .132 .167 .146 .286 .205 
.512 .341 .185 .118 .185 .162 .120 .208 .000 .163 
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Table 3. Sample sizes for each Irail in each population sample. Bilateral traits have the possibility of 2N. 
while midline traits have a maximum possibility of N. or the number of crania in the sample. 
C R A N I A L NON-METRIC 
TRAITS: HU 1 HU 2 HU 3 HU 4 H U 5 H U 6 
1. HIGHEST N U C H A L LINE 60. 64. 40. 88. 192. 151. 
2. C O R O N A L OSSICLES 56. 59. 35. 94. 200. 160. 
3. OSSICLE AT BREGMA 28. 29. 18. 47. 99. 81. 
4. SAGITTAL OSSICLES 29. 32. 19. 47. 100. 81. 
5. OSSICLE AT LAMBCA 30. 33. 20. 47. 98. 78. 
6. LAMBDOIC OSSICLES 54. 61. 32. 88. 196. 153. 
7. OS INCA 31. 33. 20. 46. 100. 78. 
8. PARIETAL F O R A M E N 62. 63. 38. 93. 200. 155. 
9. PARIETAL NOTCH BONE 60. 56. 26. 86. 199. 159. 
10. ASTERIONIC BONE 58. 53. 23. 84. 200. 155. 
11. A U D I T O R Y T O R U S 61. 54. 32. 92. 200. 161. 
12. MALAR TUBERCLE 57. 43. 34. 73. 200. 160. 
13. OS JAPON 53. 42. 29. 81. 196. 157. 
14. PTERION FORM 54. 49. 21. 86. 199. 158. 
15. EPITERIC BONE 54. 47. 20. 86. 198. 158. 
16. INFRA-ORBITAL FORAMEN 47. 37. 24. 60. 199. 159. 
17. SUPRA-ORBITAL FORAMEN 59. 57. 37. 93. 199. 162. 
18. FRONTAL FORAMEN 59. 56. 37. 92. 199. 162. 
19. METOPIC S U T U R E 31. 30. 20. 46. 98. 78. 
20. M A N D I S U L A R F O R A M E N 56. 54. 21. 86. 197. 152. 
21. MYLOHYOID GROOVE 56. 57. 20. 88. 198. 153. 
22. M A N D I B U L A R TORUS 59. 59. 35. 92. 198. 156. 
23. MENTAL F O R A M E N 59. 59. 31. 90. 198. 155. 
24. PALATINE TORUS 27. 22. 14. 42. 99. 80. 
25. ACC. LES. PALATINE FOR 43. 30. 26. 57. 191. 149. 
26. FOR. OF VESALIUS 40. 25. 22. 67. 193. 143. 
27. F O R A M E N OVALE 55. 45. 24. 85. 197. 151. 
28. F O R A M E N SPINOSUM 56. 44. 25. 85. 193. 152. 
29. F O R A M E N OF HUSCHKE 61. 50. 30. 92. 199. 161. 
30. C O N D Y L A R FACET 48. 45. 28. 78. 191. 142. 
31. POST. CONDY. FOR. 45. 49. 29. 76. 191. 142. 
32. PRECONDY. TUBERCLE 25. 28. 17. 44. 100. 73. 
33. ANTERIOR CONDY. FOR 49. 52. 30. 87. 199. 144. 
34. MASTOID FORAMEN 56. 51. 34. 86. 195. 153. 
35. MASTOID F. EXSUTURAL 56. 51. 34. 86. 195. 153. 
36. PARAMASTOID PROCESS 48. 35. 15. 62. 193. 135. 
37. DIGASTRIC GROOVE 58. 53. 33. 86. 196. 153. 
38. STYLOMASTOID FORAMEN 61. 53. 27. 92. 198. 161. 
39. ZYGO-MAX. TUBERCSITY 55. 43. 26. 77. 198. 157. 
40. ZYGO-FACIAL FORAMEN 53. 48. 30. 86. 198. 157. 
41. ANT. ETH. F. EXSUTURAL 26 21. 9. 46. 157. 130. 
42. POST. ETHMOID F O R A M E N 38. 19. 10. 50. 171, 133. 
B I O L O G I C A L D I S T A N C E IN T H E 5 - 1 ITH C E N T U R I E S P O P U L A T I O N S 1 6 9 
HU 7 HU 8 HU 9 HU 10 HU 11 HU 12 HU 13 HU 14 HU 15 HU 
136. 130. 74. 70. 143. 156. 28. 64. 16. 45. 
156. 126. 86. 64. 141. 178. 33. 80. 18. 48. 
78. 65. 42. 34. 73. 86. 17. 38. 9. 23. 
73. 65. 40. 34. 73. 84. 15. 36. 7. 22. 
74. 64. 41. 36. 73. 83. 14. 33. 8. 23. 
139. 127. 80. 65. 134. 169. 24. 65. 16. 45. 
76. 68. 43. 35. 81. 88. 14. 37. 8. 24. 
156. 136. 84. 71. 153. 176. 28. 78. 16. 48. 
146. 117. 85. 63. 138. 172. 30. 74. 16. 46. 
134. III. 84. 63. 132. 169. 27. 65. 16. 47. 
151. 120, 87. 62. 156. 173. 30. 81. 18. 48. 
124. 100. 80. 56. 117. 151. 30. 71. 16. 47. 
125. 114. 80. 56. 118. 168. 33. 77. 17. 47. 
139. 119. 86. 56. 141. 175. 33. 81. 18. 46. 
134. 113. 77. 46. 117. 174. 31. 68, 16. 43. 
114. 109. 71. 41. 102. 171. 32. 76. 17. 48. 
157. 133. 84. 71. 152. 177. 34. 81. 18. 48. 
156. 132. 84. 71. 153. 175. 34. 82. 18. 46. 
80. 70. 43. 36. 83. 89. 17. 41. 9. 24. 
130. 115. 85. 49. 129. 106. 28. 58. 15. 48. 
132. 115. 84. 48. 132. 106. 27. 56. 15. 48. 
137. 130. 88. 53. 144. 109. 28. 60. 16. 48. 
136. 130. 88. 52. 143. III. 30. 63. 16. 48. 
69. 59. 41. 28. 61. 86. 16. 37. 9. 23. 
96. 86. 60. 33. 68. 161. 29. 67. 16. 44. 
96. 97. 72. 41. 85. 171. 28. 69. 14. 46. 
125. 104. 74. 43. 106. 172. 29. 74. 16. 45. 
131. 108. 73. 41. 115. 174. 28. 77. 16. 45. 
153. 118. 86. 58. 154. 170. 30. 81. 18. 48. 
121. 99. 75. 42. 99. 167. 29. 54. 15. 45. 
117. 98. 73. 43. 104. 165. 28. 55. 16. 47. 
68. 53. 39. 22. 50. 88. 16. 32. 8. 23. 
126. 101. 75. 45. 104. 175. 31. 63. 16. 48. 
136. 97. 81. 52. 116. 172. 28. 68. 16. 47. 
136. 97. 81. 52. 116. 171. 28. 68. 16. 47. 
102. 85. 64. 40. 85. 169. 29. 51. 16. 45. 
147. 117. 83. 55. 150. 164. 29. 73. 16. 46. 
152. 119. 87. 61. 157. 174. 30. 81. 18. 48. 
123. 117. 81. 59. 119. 175. 34. 79. 18. 47. 
125. 113. 79. 57. 120. 171. 33. 77. 17. 47. 
85. 86. 53. 18. 64. 159. 30. 48. 14. 44. 
84. 91. 54. 17. 65. 160. 25. 53. 15. 43. 
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mean measure ol" divergence a m o n g all populat ions , males and females, left and 
right sides all pooled, is given in Table 4. All between popula t ion differences are 
significant at the .05 level and most are significant are the .01 level. F igure 1 
represents the 16 by 16 populat ion clustered distance matrix as a p h e n o g r a m . 
computed by the unweighted pair g roup method based on ar i thmet ic averages. Low 
distance values were specified to indicate the cor responding distance similarities. 
When the cophonet ic value matrix was plotted against the original distance matr ix, 
little distort ion was found in the bivariate plot of the two matrices and they 
produced a correlat ion of 0.777. While we belive this correlat ion is significant. 
SOKAL and DERISH (1988) (see also DERISH and SOKAL, 1988) suggests highly 
significant cophonet ic correlat ions should be in the ne ighborhood of 0.85. 
Consider ing the size, spatial and tempora l distr ibution of ou r popula t ion samples 
we feel the cophonet ic corre la t ions to be quite good . 
Discussion 
The distance phenograph (Figure 1) nicely divides into three ma jo r g roups with 
four, more o r less, single samples if we consider an identity level of 0.055. While this 
choice is somewhat a rb i t ra ry , it does fit the var ious time per iods and al lows some 
confidence in the phenogram and our overall analysis. 
G r o u p 1 is composed of Gepid samples, one middle and two late Avar period 
samples and the heterogeneous sample f rom the 10—11th century. Mos t of these 
samples fall within a 500 year time range and a re distributed across southern 
Hungary . 
G r o u p 2 includes four samples, three representing the late Avar period and one 
f rom the Hungar ian Conques t -Ear ly Arpadian Age. Here the temporal range is 
abou t three centuries and the lowest biological distance is found between two late 
Avar period samples which are spatially separated by a few kilometers. The overall 
similarity in this g r o u p is somewhat greater than that found in g r o u p one, but it is 
composed of fewer samples with reduced temporal and spatial dis tr ibut ions. 
G r o u p 3 represents one late Avar and one 9—10th century samples f rom south 
central Hungary . We might have expected these popula t ion samples to have been 
part of g roup 2. expect for the fact, as noted by LlPTÁK (1983). tha t sample 12 shows 
a sex difference with respect to the p ropor t ion of Mongolo id morphologica l 
characters — females displaying more . As well, sample 13 shows a Europid-
Mongoloid mix and may be one of the latest Avar period populat ions-poss ibly 
surviving into the 10th century (SZABÓ. 1966). 
The remaining popula t ion samples are g rouped above our a rb i t ra ry level of 
0.055 and are not specific enough to be meaningful as a g roup . This is suppor t ed by 
the fact that sample 1 is a late Avar sample with a noticeable a m o u n t of Mongolo id 
morphological features, and is spatially distant f r o m our o ther Avar period samples. 
Sample 2 is very early, possibly representing the „first wave" of Avar migrat ion. As 
well, this sample represents two large families, ra ther than a r andom sample of a 
Table 4. Measure of Divergence (biological distance) between population samples used in this study. ЛИ 
distance measures arc significant (p<.05) and mosl are very significant (p<.01). 
Population Samplc 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. II. 12. 13. 14. 
1. Kunszáll .0(H) 
2. Mélykút .072 .000 
3. Árkus .116 .085 .000 
4. Madaras .051 .018 .066 .000 
5. Fehértó .115 .117 .138 .045 .000 
6. Kundomb .087 .082 .140 .034 .020 .000 
7. Makkoserdő .131 .094 .142 .056 .053 .078 .000 
8. Sükösd .088 .062 .116 .014 .030 .058 .014 .000 
9. Kiszombor .125 .121 .143 .071 .062 .095 .068 .025 .000 
10. Szöreg .111 .046 .060 .023 .053 .038 .040 .020 .049 .000 
II. Szabadka .098 .094 .113 .033 .050 .068 .032 .019 .044 .033 .000 
12. Kiskörös .099 .094 .165 .052 .055 .048 .063 .041 .081 .035 .074 .000 
13. Szarvas .137 .145 .181 .076 .108 .080 .085 .072 .091 .052 .100 .019 .000 
14. Sz-Kaján .095 .119 .151 .038 .035 .036 .039 .025 .039 .031 .031 .022 .039 .000 
15. Sz-Borbás .150 .260 .246 .140 .137 .106 .203 .179 .180 .146 .095 .145 .137 .094 
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larger popula t ion ( F A R K A S , L E N G Y E L and M A R C S I K . 1 9 7 1 ) . Sample 3 represents a 
populat ion geographically removed f rom southeas tern Hungary . Th is sample was a 
priori chosen to serve as a control sample. Sample 15 represents a H u n g a r i a n 
Conques t single great family ( L I P T A K . 1 9 8 3 ) . As such, the var ia t ion in this sample 
may be reduced and . like sample 2, does not necessarily represent the larger 
popula t ion . This is a lso the smallest sample studied. 
0 1 5 1 ólat 0 094 0 054 0 03T 0.014 s a m p l e l e v e l 
1 K U N S Z A L I A S - F U I O P J A K A B 0 0 7 2 0 
2 M É L Y K Ú T - S A N C 0 U L 0 0 1 0 0 5 
3 DE BRECEN -ARKUS -HOMOK B A N Y A 01123 
| 4 M A D A R A S - TÉGLAVETŐ 0 0 1 4 0 
J 6 S U K O S O - S A G O D 0 0215 
10 S Z O R E G - T E G L A G Y A R 0 0 2 3 3 
11 S Z A B A D K Í G Y Ó S - T A N G A Z O A S A G 0 0 3 5 5 
7 S Z E G E D - M A K K O S É R D O 0 0 5 1 4 
9 K I S Z O M B O R - B 1 GEPID 1 0 0 5 7 4 
5 S Z E G E D - F E H E R T O - A 0 0 2 0 0 
6 SZEGED - KUNDOMB 0 0 4 7 7 
14 S Z E N T E S - K A J A N 0 0 2 6 0 
16 K I S Z O M B O R - B 0 0 6 6 6 
12 K I SKOROS VAROS A L A T T 0 0190 
13 S Z A R V A S - K A K A P U S Z T A 01537 
15 S Z E N T E S - B O R B A S T A N Y A 
0 1S4 0131 . 0 1 1 1 0071. 0 0 54 0 0 34 0014 s a m p l e l e v e l 
Fig. I. A phenogram based on the clustered distance matrix (males and females; left and right sides 
pooled) using the unweighted pair-group method with arithmetic averages. Low values were specified to 
indicate corresponding distance similarities. Abscissa is scaled in relative population distances. 
Admit tedly, the cluster process in the numerical taxonometr ic system is 
somewhat artificial. Fo r example, sample 8 generated a biological distance of 0 .014 
with both samples 4 and 7. The fact that the phenogram joins sample 8 with sample 4 
is due to the fact that in the clustering process sample 4 is encountered and clustered 
before sample 7. Then , because of ari thmetic averaging, all o ther values of samples 8 
and 4 a re averaged, including the value between samples 8 and 7. Nevertheless, 
sample 7 is clustered within the g roup conta ining samples 4 and 8. In addi t ion , o the r 
t r ans format ions of the frequencies could have been used which may have altered the 
distance statistic, but here we used the t r ans fo rmat ion recommended by FlNNEGAN 
and COOPRIDER (1978). 
In this research we have shown the biological relat ionships a m o n g samples of 
earlier human popula t ions , representing some of the Gepid tribes of the 5—6th 
centuries, the Avar period dur ing the 6—8th centuries, and some H u n g a r i a n 
Conques t popula t ions of the 10th and 11th centuries. While we can suggest general 
migration pat terns in this broad region over t ime, the present analysis does not 
fur ther identify or delimit time, direction or dis tance specifically. As our research 
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into popula t ion behavior in the C a r p a t h i a n basin dur ing the 5—11th centuries 
cont inues , and as the archaeology of these popu la t ions is explored in greater depth , 
we may be better able to identify and trace the migrat ions of earlier human 
popula t ions in this area . 
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U N T E R S U C H U N G E N AN A U S A U S G R A B U N G E N S T A M M E N D E N 
Z Ä H N E N U N D K I E F E R N IN U N G A R N 
( L I T E R A T U R Ü B E R S I C H T ) 
G. S. Kocsis 
Klinik für Zahnheilkunde und Kieferchirurgie der Alheri Szent-Györgyi 
Medizinischen Universität H—6720 Szeged. Lenin krt. 64. Ungarn 
(Einreichung des Manuskripts am 31. August 1989) 
Zusammenfassung 
Diese Untersuchungen werden vom Autor mit einer Übersicht der Literatur der an aus 
Ausgrabungen in Ungarn stammenden Zahn- und Kieferfunden durchgeführten Forschungen 
zusammengefasst. 
Das bibliographische Material wird gruppiert: normalen Variationen bzw. pathologischen 
Veränderungen der Kieferknochen, anthropologischen Beschreibungen der Zähne folgen 
zahnpathologische Beschreibungen. In die letztere Gruppe gehören Veröffentlichungen über die 
Zahnkaries. Zahnabnutzung sowie Folgeerkrankungen und Entwicklungsanomalicn. Schliesslich 
befasst sich der Autor mit Veröffentlichungen zu an Kiefern und Zähnen durchgeführten Experimenten 
und pseudopathologischcn Veränderungen sowie auch mit von ausländischen Autoren an ungarischem 
Material durchgeführten Untersuchungen. 
Schlüsselworte: dental anthropology. -paleopathology. hungarian bibliographic review. 
Einleitung 
IGNÄC BARNA veröffentl ichte 1871 das erste Zahnärzt l iche Lehrbuch in 
ungarischer Sprache. In dessen Einleitung zitiert er Herders romant ische 
Beschreibung des Mundes , die lautet: „Kelch der Wahrhe i t . Becher der Liebe", und 
fährt fort : „bezüglich des guten Aussehens hängt die Fo rm des M u n d e s von den 
Zähnen ab. durch sie wird er gestützt und erhält er beim Lachen seine bezaubernde 
Wirkung, ihre Erhal tung ist der Pfand der dauerhaf ten Schönheit , schöne Zähne 
und ein hässliches Gesicht scheinen ein Gegensatz zu sein, wohingegen ihr Verlust 
auch das schönste Gesicht abstossend macht , seiner Ursprünglichkeit entkleidet, ja 
es sogar entstellt, die Zahl der zu bedauernden Wesen, die der f rühe Verlust ihrer 
Z ä h n e schon im Frühl ing ihres Lebens in den eisigen Schoss der Verzweifelung 
stiess.!" 
Schon unsere Vorfahren aus dem klassischen Alter tum massen Zähnen und 
Gebiss Bedeutung bei. Denken wir nur an die Versuche zum Ersatz verlorener 
Zähne , an anfänglichen Zahnersatz , der aus etruskischen und ägyptischen Gräbe rn 
zum Vorschein kam. Auch im von 481 bis 741 unserer Zei t rechnung dauernden 
Mcrovingerzei t geschaffenen a lemannischen Gesetzbuch (Germanenrech te . Lex 
A l a m a n n o r u m ) weisen einige Passagen auf die damalige Wichtigkeit der Zähne hin: 
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..&20. Wenn aber jemand einem andern mit einem Schlage die beiden ersten oberen 
Zähne (von den vorderen) ausschlägt, büsse er mit 6 Schillingen. 
&22. Wenn (ein)er aber einen Zahn abschlägt, wozu die Alemannen Eckzahn 
sagen, büsse er mit 3 Schillingen." 
Im folgenden wird das Strafmass zum Vergleich gezeigt: 
..&30. Wenn (ein)er aber den Bart jemandes, der es nicht will, schert, büsse er mit 6 
Schillingen. 
&40. Wenn (der Arm) aber an der Schulter abgeschlagen wird, büsse er mit 80 
Schillingen." 
Die Zähne der Menschen dieser längst vergangenen Zeiten bedeuten auch uns, 
den späten Nachfahren, viel. Denn von allen Körperteilen ist es der Zahn , der unter 
den auch aus mehrere Millionen Jahre alten Schichten zum Vorschein kommenden 
Resten den postmortalen Wirkungen am besten wiedersteht, und deshalb das meiste 
nicht nur über die damaligen Lebewesen unmittelbar, sondern auch über deren 
Lebensumstände sagen kann. 
Als erster schrieb wahrscheinlich D U B R U E D E L A S A L L E 1 7 7 2 eine 
Veröffentlichung über Beobachtungen in dieser Richtung, wozu wir einen Hinweis 
in C A R A B E L L I S 1 8 3 1 erschienenem Werk „Geschichtliche Übersicht der 
Zahnhe i lkunde" finden. Das Entsprechende in ungarischer Sprache zitiere ich 
ebenfalls aus B A R N A S „Zahnmediz in" ( 1 8 7 1 ) : „ D U B R U E D E L A S A L L E stellte bei der 
Freilegung eines Friedhofes fest, dass von drei Schichten in der untersten bzw. der 
ältesten Schicht die Zähne der Skelette am intaktesten waren, die der obersten 
Schicht dagegen im schlechtesten Zustand. Da raus schoss er, dass dieser 
Unterschied der mit der Kultur verbundenen übertriebenen Gründlichkeit und der 
Schädlichkeit aller möglichen Reinigungsmittel zuzuordnen sei." 
Über an umfangreicherem aus Ausgrabungen s tammenden Fundmater ia l mit 
wissenschaftlicher Gründlichkeit durchgeführte Untersuchungen publizierte 
MüMMERY 1870. Danach treffen wir immer häufiger Veröffentlichungen zu diesem 
Thema. 
In erster Linie wurden die Zahnkaries, aber auch andere pathologische 
Zahveränderungen untersucht. Daneben wurde die Kraniometr ie zum vielleicht 
wichtigsten Zweig der bereits ausgebildeten anthropologischen Wissenschaft . Das 
bedeutet auch die Beschäftigung mit den normalen Variationen der Maxilla und 
Mandibula . 
Ungarische Bibliographie 
Die Untersuchungen an Zähnen geschichtlicher und vorgeschichtlicher 
Menschen durchführenden Forscher sind uns landesweise aus B R A B A N T und 
S A H L Y S Arbeit „La paleostomatologie en Belgique et en France" ( 1 9 6 2 ) bekannt . 
Bereits die Bezeichnung — Paleostomatologie — wurde von den Autoren von 
H U S Z Á R übernommen (zit. B R A B A N T und S A H L Y ( 1 9 6 2 ) . welcher die an aus 
Ausgrabungen s tammenden Zahn- und Kieferüberresten du rchge füh r t en 
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U n t e r s u c h u n g e n so beze ichne te . S C H R A N Z ( 1 9 6 2 ) sp r ich t in se iner sich mit 
Z a h n b e t t e r k r a n k u n g e n befassende Veröf fen t l i chung von P a l e o p a r o d o n t o p a t h o l o -
gie. N a c h T Ó T H ( 1 9 7 0 ) gibt es an den a u s A u s g r a b u n g e n s t a m m e n d e n F u n d e n 
keinen M u n d bzw. S t o m a , d e s h a l b un te rs tü tz t er die Beze ichnung Pa l eodon to log i e 
oder die Pa l eopa tho log ie de r Z ä h n e und Kiefer . 
Z u r ü c k k o m m e n d a u f d e n Ar t ike l von B R A B A N T und S A H L Y ( 1 9 6 2 ) e r w ä h n e n 
diese die N a m e n von L E N H O S S É K , N E M E S K É R I , S C H R A N Z und H U S Z Á R . Na tü r l i ch 
waren neben w o h l b e k a n n t e n N a m e n auch a n d e r e a u f dem Geb ie t de r 
zahnärz t l i chen P a l e o p a t h o l o g i e und P a l e o a n t h r o p o l o g i e tät ig. Im fo lgenden 
überbl icken wir die Veröf fen t l i chungen ungar i scher A u t o r e n über U n t e r s u c h u n g e n 
an solchem Mate r i a l . 
D a s b ib l iographische Mate r i a l w u r d e untertei l t . Z u n ä c h s t werden die sich mit 
N o r m a l v a r i a t i o n e n bzw. mit pa tho log i schen V e r ä n d e r u n g e n de r K i e f e r 
befassenden Veröf fen t l i chungen und d a n a c h die Veröf fen t l i chungen zu r 
an th ropo log i schen Beschre ibung de r Z ä h n e besprochen . Bei den letzteren finden 
wir auch die Beschre ibung de r Z ä h n e von geschichtl ich b e d e u t e n d e n Personen 
(Her r scher , b e r ü h m t e Leute) . Die G r u p p e n der pa tho log i schen V e r ä n d e r u n g e n de r 
Z ä h n e sind Z a h n k a r i e s . Z a h n a b n u t z u n g ( A b r a s i o n ) und sich d a r a u s e rgebende 
s e k u n d ä r e K n o c h e n p r o z e s s e a lso p a r o d o n t a l e K n o c h e n Veränderungen bzw. 
per iap ika le Prozesse. Die En twick lungsanoma l i en der Z ä h n e bilden e ine eigene 
G r u p p e . Schliesslich folgen d ie ü b e r an Kiefern und Z ä h n e n d u r c h g e f ü h r t e n 
Exper imente , über p s e u d o p a t h o l o g i s c h e (pos tmor t a l e ) V e r ä n d e r u n g e n und über 
U n t e r s u c h u n g e n an a u s A u s g r a b u n g e n s t a m m e n d e n Z ä h n e n im al lgemeinen 
A u s k u n f t gebende Studien und Buchkapi te l . Es werden a u c h einige solche 
Veröf fen t l i chungen e r w ä h n t , die von aus länd ischen A u t o r e n s t a m m e n , sich j edoch 
mit der Beschre ibung ungar i sche r F u n d e beschäf t igen . Die A u t o r e n werden gemäss 
der chronolog ischen Er sche inung de r Veröf fent l ichungen aufgezäh l t . 
K I E F E R M O R P H O L O G I E 
Mit de r Kor r e l a t i on und den Var i a t ionen der Ne igung des Unte rk ie fe r s , sowie 
der Stellung de r Längsachse des G e l e n k k o p f e s beschäf t ig t sich TÖRÖK (1898, 1899). 
M I H Á L Y L E N H O S S É K (1920) beschr ieb die innere Obe r f l äche des Unte rk ie fe ras tes . 
Ebenfa l ls do r t f ü h r t e S Z O K O L Ó C Z Y (1937, 1939, 1953) M e s s u n g e n un te r dem 
Ges i ch t spunk t der Le i tungsanäs thes ie durch . Sehr bedeu tend ist d ie 
Veröf fent l ichung von S I M O N und K Ö M Ü V E S (1937), in de r sie d ie M a s s e und 
Ste l lungsvar ia t ionen des aufs te igenden Astes von 750 Un te rk i e fe rn s tudier ten . 
A P O R (1943) un te r such te die Unte rk ie fe rbre i t e , S O M O G Y I (1953) die Typen des 
Kieferwinkels und die Besonderhe i ten des aufs te igenden Astes, K O L L Á R (1948) den 
C h a r a k t e r de r M a n d í b u l a de r Vorzei t . N I T S C H E und V Á L Y I (1958) s tudier ten die 
K o n f i g u r a t i o n e n ( M e s s w e r t e n , Symmet r i e , p a t h o l o g i s c h e V e r ä n d e r u n g e n ) und 
R ö n t g e n a u f n a h m e n d e n 100 C a p i t u l u m m a n d i b u l a e . die aus de r Römerze i t und 
Árpádenze i t s t a m m e n . REGÖLY—MÉRE1 (1962) beschr ieb an einigen Fällen die 
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senile A t r o p h i e d e s Un te rk i e f e r s . Die Va r i a t i onen d e r . .Area p e r i l i n g u l a r i s " 
un te r such ten B A L O G H und CsiBA (1966), D O B R O V I T S (1966) und s p ä t e r 
D O B R O V I T S und K E M É N Y (1971) un te rsuchten die K n o c h e n o b e r f l ä c h e des 
r e t romola ren Gebie tes . S Z A B Ó und D O B Y (1972) s tud ie r t en die A l t e r v e r ä n d e r u n g e n 
des Winke l s des A n g u l u s mand ibu lae . B O T T Y Á N (1973. 1974a, 1975) d e n 
Z u s a m m e n h a n g zwischen M a n d í b u l a und Schäde lkapaz i t ä t , d e n geschlecht l ichen 
D i m o r p h i s m u s und gleichfalls die Verände rungen w ä h r e n d des Lebens . K Ö H E G Y I 
und M A R C S I K (1976) un te r such ten am Mater ia l des S ü k ö s d e r A w a r e n f r i e d h o f e s 
den T o r u s pa l a t i nus und T o r u s mandibu la r i s . S p ä t e r un te r such ten F A R K A S und 
M A R C S I K (1979) sowie F I N N E G A N und M A R C S I K (1979) an Serien a u s d e r 
Awarenze i t d a s A u f t r e t e n einiger nicht me t r i scher Var i a t ionen ( T o r u s 
mand ibu la r i s . doppe l t e s F o r a m e n mentale , d o p p e l t e s F o r a m e n m a n d i b u l a r e . 
Schluss des Mylohyo ideusg rabens ) . Die A l t e r s s c h r u m p f u n g des M a n d i b u l a k ö r p c r s 
beschr ieben P R Á G A I (1982) bzw. P R Á G A I und F A Z E K A S (1982. 1983). T A M Á S (1986) 
s tudier te die Lage des Cana l i s m a n d i b u l a e an R ö n t g e n a u f n a h m e n des Un te rk i e f e r s . 
B O C S K A I (1908) s tudier te die Eigenarten des G a u m e n s a m Oberk ie fe r . An 1200 
Schädeln un te r such te H U S Z Á R (1951) die M o r p h o l o g i e des T o r u s pa l a t i nus v o n de r 
Awarenze i t bis z u m X I X . J a h r h u n d e r t . LÁNG (1955) beschr i eb die F o r m e n des 
Cana l i s n a s o p a l a t i n u s seu incisivus, B O T T Y A N (1968, 1970, 1970a. 1971. 1974. 
1974b) hingegen die unterschiedl ichen Masse des P a l a t u m s . die V e r ä n d e r u n g e n im 
L a u f e des Lebens , den geschlechtl ichen D i m o r p h i s m u s . F I N N E G A N und M A R C S I K 
(1979) s tud ie r t en an Serien a u s der Awarenze i t neben d e n o b e n e r w ä h n t e n 
Cha rak t e r i s t i ka de r M a n d í b u l a auch das A u f t r e t e n des T o r u s pa la t inus . P R Ä G A I 
(1982) schr ieb zu diesen Themenkre i s seine K a n d i d a t u r . 
K I E F E R P A T H O L O G I E 
Die halbsei t igen En twick lungsanomal ien des Un te rk i e f e r s beschr ieb S O M O G Y I 
(1953) a u f G r u n d l a g e e iner Un te r suchung an 1000 M a n d i b u l a e . w o v o n 800 v o n 
A u s g r a b u n g e n s t a m m e n . D a s Auf t r e t en der id iopa th i schen Kie fe rhöh le v o n S t a f n e 
s tudier ten F L N N E G A N und M A R C S I K (1980. 1981), M A R C S I K (1983) sowie 
M A R C S I K und K o c s i s (1985) an Serien aus de r Awarenze i t . 
Von d e n pa tho log i schen Verände rungen des Obe rk i e f e r s beschr ieben 
B E R N D O R F E R (1962). R E G Ö L Y — M É R E I (1970), M A R C S I K (1976) bzw. K o c s i s und 
M A R C S I K (1979) Fäl le von G a u m e n s p a l t e n , M A R C S I K schr ieb über die 
K ie fe r anoma l i en ihre K a n d i d a t u r (1983). 
Z A H N A N T H R O P O L O G I S C H E B E S C H R E I B U N G E N 
I S Z L A I (1881, 1881a) behande l te Geb i s scha rak te r i s t i ka de r H a u p t r a s s e n . Mi t 
de r z a h n a n t h r o p o l o g i s c h e n Beschreibung de r F u n d e a u s d e n Szekes fehe rvä re r 
K ö n i g s g r ä b e r n befass te sich als e rs ter T Ö R Ö K (1894) . de r e ine a u s f ü h r l i c h e 
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Darstel lung über die Kiefer BÉLAs I I I . gab. H I L L E B R A N D (1908. 1908a. 1909) füh r t e 
seine Unte rsuchungen an 4100 Schädeln und 2000 Kiefern auch unter dem 
Gesichtspunkt der Zahnan th ropo log ie durch. B A R T U C Z (1914) schrieb über den 
Unterkiefer des Weimarer Urmenschen . M L H Á L Y L E N H O S S É K (1922) beschrieb in 
seiner von Scheff redigierten Arbeit „ H a n d b u c h der Zahnhe i lkunde" die 
makroskopische Ana tomie der Zähne , wozu er auch seine an Ausgrabungsmatcr ia l 
gesammelten Er fahrungen verwendete. S A L A M O N (1923. 1938, 1940, 1940a. 1940b. 
1941, 1942) beschrieb in seinen Veröffentl ichungen die Gebisse von P E T Ö F I , 
F E R E N C L I S Z T , M A R S C H A L L A L V I N C Z Y , der Frau von F E R E N C R Á K Ó C Z I I I . , des 
ungarischen Königs L A J O S I I . . König M Á T Y Á S . J Ó Z S E F S Z A B Ó (1934. 1935) 
studierte die Mand íbu la des Urmenschen von Subalyuk, B A R T U C Z (1935) hingegen 
schrieb eine Veröffent l ichung über die Asche von F E R E N C R Á K Ó C Z I I I . 
A L L O D I A T O R I S (1937) arbei te te das Menschenmater ia l der Fr iedhöfe in de r 
Tiefebene aus der Árpádenzei t auf . M O L N Á R und H U S Z Á R (1953) untersuchten in 
ihrer Studie über den stomatologischen geschlechtlichen Dimorph ismus 100 
Schädel . M A L Á N (1955) berichtete über einen in der Höhle von Is ta l löskö 
gefundenen Zahnke im. REGÖLY—MÉREI (1962) beschrieb Fälle normaler 
Dent i t ion. T H O M A (1963, 1966, 1967) hingegen beschrieb die Zähne des Subalyuker 
Kindes und des Vertesszöllöser Vormenschen. B A R T U C Z (1966) gab beim Studium 
der exhumier ten Überres te der ungarischen Jakobiner und von SEMMELWEIS eine 
Darste l lung ihrer Gebisse, S C H R A N Z (1988) veröffentlichte eine Beschreibung der 
Z ä h n e von B É L A I I I . 
Z A H N K A R I E S 
Die sich mit der Zahnkar ies an fossilem Material befassende ungarische 
Literatur fassten H U S Z Á R (1945), H U S Z Á R und S C H R A N Z ( 1 9 5 2 ) und später 
ausführl ich T Ó T H (1970) zusammen. Die neben den an thropolog ischen 
Beschreibungen nebenbei aufgeführ ten Daten wurden in der vorliegenden Arbeit 
nicht berücksicht igt . An umfangre icherem, jedoch chronologisch gemischtem 
Material wurde die Karies auch von H L L L E B R A N D (1908. 1908a. 1909) untersucht . 
Die zweifellos bedeutendste erste Unte rsuchung der Zahnfäu le in Ungarn ist mit 
dem N a m e n LENHOSSÉKs (1917, 1917a, 1918, 1919) verbunden, der — den in Frage 
gestellten Nagysáper Schädel ebenfalls eingerechnet — Schädel von der Urzeit bis 
zur allerneuesten Zeit untersuchte. S Z I R Á K Y und H U S Z Á R (1933) fanden in ihrem 
Material aus der Árpádenzei t keine kariösen Zähne . H U S Z Á R (1945, 1961, 1963, 
1965, 1966, 1967. 1968) fasste die Kenntnisse über die Karies der Unga rn der 
Árpádzei t zu sammen , er befasste sich gleichfalls mit dem Zahnmater ia l des 
Fonyóder mittelalterlichen Friedhofes in Bezug auf die Verbindung Karies und 
Ernährung , Karies und Zahnabnu tzung , sowie in Bezug auf die medizingeographie 
der Karies. K O L L Á R (1948) untersuchte unter diesem Gesichtspunkl das Material 
des Zengövárkonyer Eneoli tenfr iedhofes, B R U S Z T (1950, 1952, 1958, 1966, 1975) 
wertete insgesamt 1128 Schädel und 367 herausgefallene Zähne von mehreren 
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Friedhöfen von VII. Jahrhunder t bis zum XII. Jahrhunder t aus. H U S Z Á R und 
S C H R A N Z (1952) untersuchten die Ausbreitung der Zahnfaule an der Bevölkerung 
in Transdanubien von der Neusteinzeit bis zur Neuzeit, S C H R A N Z und H U S Z Á R 
(1954. 1955. 1958. 1962) beschäftigten sich dagegen auch mit Kindergebissen in 
Funden der Urzeit. Vom Gesichtspunkt der Karies wurde Zahnmater ia l von 
R E G Ö L Y — M É R E I (1962) von der Neusteinzeit bis zur Árpádenzei t . von B R U S Z T 
und K Ő H E G Y I (1963) von zur Zeit der Belagerung der Egerer Burg Gefal lenen. 
B R A B A N T und N E M E S K É R I (1963) vom Friedhof der Hunnenzeit neben Mözs . 
K I S Z E L Y (1966) hingegen vom Longobarder Friedhof in Szentendre ausgewertet . 
T Ó T H (1966. 1967. 1967a. 1967b. 1967c, 1968, 1970, 1970a) machte 
Kariesuntersuchungen an mehreren Serien aus der Bronzezeit, der Awarenzeit und 
der Árpádenzeit . später beschrieb er aufgrund seiner Erfahrungen und andere r 
ungarischer Kariesuntersuchungen das Erscheinungsverhalten der Krankhei t in 
Ungarn von der Urzeit bis in unsere Tage. T Ó T H und SONKODI (1972) studierten die 
Zähne des Tápéer Bronzezeitfriedhofes. Karies fanden ÉRY (1971. 1981. 1982) an 
Knochenüberresten der Bevölkerungen von Tengelic (10. Jahrhundert ) , T o k o d (5. 
Jahrhunder t ) und D o m b o v á r (Türkenzeit), E N D R É S Z (1986) an menschlichen 
Überresten der Árpádenzeit , PAP (1986) hingegen an menschlichen Überresten 
mehrerer mittelalterlicher Serien. Zu diesem Themenkreis schrieben B R U S Z T (1975) 
seine Kandidatur bzw. T Ó T H (1967c) seine akademische Dissertation. 
U N T E R S U C H U N G E N Z U R Z A H N A B N U T Z U N G 
M O L N Á R (1939) und später M Á T H É und M O L N Á R (1940) untersuchten den 
Abnutzungsgrad der Zähne von mehreren Hundert Schädeln von der 
Völkerwanderungszeit bis zum Mittelalter. KOLLÁR (1948) studierte gleichfalls 
unter diesem Gesichtspunkt Schädel aus der Zengövárkonyer Eneol i th ikum. 
H U S Z Á R und S C H R A N Z (1954) handelten die statistische Auswertung der 
Zahnabnutzung in Fällen von Knochenfunden ab, S C H R A N Z und H U S Z Á R (1954. 
1955) dagegen bewerteten aus dieser Sicht 276 Erwachsenenschädel und 
Kinderschädel aus der Urzeit sowie die Zähne der Unterkieferreste von Istállóskö. 
R E G Ö L Y — M É R E I (1962) studierten Zähne von Schädeln von der Neusteinzeit bis 
zum Mittelalter. B R A B A N T und N E M E S K F . R l (1963) Zähne von Schädeln aus Mözs 
(Hunnenzeit). H U S Z Á R (1963. 1968. 1972, 1974. 1974a) untersuchte die Abnu tzung 
von Milchzähnen, die aus der Neusteinzeit bis zum Mittelalter s tammen. Später 
wertete er dies zusammen mit dem eben erwähnten Material der Urzeit in seiner 
akademischen Dissertation (1976) aus. K L S Z E L Y (1966) betrachtete die Abnu tzung 
der Zähne des Longobardenfr iedhofes von Szentendre. S C H R A N Z (1967) beschrieb 
unter dem Blickpunkt der Zahnabnu tzung neben Funden von österreichischen 
und deutschen Ursteinzeit — auch einzelne Funde von der ungarischen Ursteinzeit 
bis zum heute Lebenden. K O C S I S (1988) untersuchte die Abrasion der Milch- und 
bleibenden Zähne an Zahnmater ia l des Gorzsaer neusteinzeitlichen Friedhofes. 
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P A R O D O N T A L E K N O C H E N V E R Ä N D E R U N G E N 
K O L L Á R (1948) studierte an Zengővárkonyer eneolitzeitlichen Funden den 
Abbau des alveolaren Knochens , S C H R A N Z und H U S Z Á R (1954. 1955) dagegen 
werteten Knochenmater ia l aus allen Phasen de r Urzeit aus. S C H R A N Z (1962) fasste 
die sich mit solchen Untersuchungen befassende ausländische Li teratur zusammen. 
Er untersuchte 190 frühurzeit l iche Gebisse bzw. 4 Gipsabgüsse fossiler Funde. 
REGÖLY—MÉRE1 (1962) beschreibt an einzelnen Funden von der Eisenzeit bis zum 
Mittelalter pa rodon ta le Veränderungen. B R A B A N T und N E M E S K É R I (1963) 
beschreiben das gleiche a m Mater ia l des Mözser Hunnenfr iedhofes . H U S Z Á R (1963) 
bewertete an den Kiefern der Fonyóder spätmittelalterl ichen Funde auch 
pa rodon ta le Veränderungen, T Ó T H (1966a, 1966b) untersuchte an Schädeln der 
Awaren- und Arpádenzei t den Zus tand des Processus alveolaris. B A R T U C Z (1966) 
fand an ausgewähltem paleopathologischem Material in mehreren Fällen alveoläre 
Knochenveränderungen . E N D R É S Z (1986) bewertete in seiner Diplomarbei t an 
Schädeln der Árpádenzei t die Zahnste inbi ldung und die verschiedenen Formen der 
Veränderungen des alveolaren Knochenrandes . 
P E R I A P I K A L E V E R Ä N D E R U N G E N . F O L G E E R K R A N K U N G E N 
In der Mehrzahl der sich mit Karies beschäft igenden Veröffentl ichungen 
beschrieben die Autoren auch das Auf t re ten von Folgeerkrankungen (periapikale 
En tzündung . Zyste. Fistel usw.). Im folgenden werden die Veröffentl ichungen, in 
denen dies zu finden ist. lediglich aufgezählt : L E N H O S S É K (1917. 1917a, 1918, 1919), 
K O L L Á R (1948). B R U S Z T (1952. 1958, 1966), S C H R A N Z und H U S Z Á R (1954, 1955) 
B R U S Z T und K Ő H E G Y I (1963). B R A B A N T und N E M E S K É R I (1963), H U S Z Á R (1963), 
B A R T U C Z (1966), T Ó T H (1966, 1967a), É R Y (1971. 1982), F A R K A S und M A R C S I K 
(1975), S Z A R V A S (1981), P A P (1986) und K o c s i s (1988). 
E N T W I C K L U N G S A N O M A L I E N 
Ä R K Ö V Y (1904. 1904a) berichtet über Redukt ionserscheinungen der Zähne 
bzw. über das sog. Tomes-Zs igmondy-Diver t iku lum. die Cingulumbi ldung an den 
oberen seitlichen Schneidezähnen und das „ F o r a m e n c o e c u m " der Molaren am 
Material mehrerer geschichtlicher Epochen. H I L L E B R A N D (1908, 1908a, 1909) 
untersuchte an den Zähnen der schon erwähnten grossen Zahl Schädel 
Entwicklungsanomalien bezüglich der Zahl . Form und A u f b a u . S A L A M O N (1912) 
hingegen beschrieb auch bei seiner Abhand lung der pr imären Stellungsanomalien 
der Z ä h n e auch über Ausgrabungsfunde . M E H E L Y (1925) studierte an ungarischen 
Funden prismatische ( taurodonte) Zähne . R A D Ö (1926) untersuchte die sich aus der 
phylogenetischen Redukt ion des Unterkiefers und des Gebisses ergebenden 
Anomalien. H U S Z Ä R (1945, 1963) beschrieb Entwicklungsanomalien an Funden 
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aus der Árpádenzei t bzw. Fonyóder spütmittelalterlicher Zähnen . K O L L Á R (1948) 
fand an Zengövárkonyer Schädeln der Eneoli thikum Zahnnich tan lage . B R U S Z T 
(1950a. 1950b. 1953. 1953a. 1954, 1963. 1975) studierte an aus Ausg rabungen 
s tammenden Zähnen die Ausbi ldung des . .Dens in den te" , die Zweiwurzeligkeit des 
oberen Milcheckzahnes und des bleibenden Eckzahnes, und fasstc seine Ergebnisse 
1975 in seiner K a n d i d a t u r zusammen . S C H R A N Z und H U S Z Á R (1954. 1955) 
erwähnen mehrere Fälle von Entwicklungsanomalien aus ihrem urzeitlichen 
Material . R E G Ö L Y — M É R E I (1962) beschrieb Stel lungsanomalien, Impakt ie rung an 
aus verschiedenen Zeilen s t ammenden Funden . B R A B A N T und N E M E S K É R I (1963) 
untersuchten die Milch- und bleibenden Zähne des Mözser Hunnenf r i edho les nach 
Entwicklungsanomal ien. B A R T U C Z (1966) dagegen e rwähnt aus gep räg t e 
Zahnste l lungsanomal ien an einem Jazyg-Schädel. K I S Z E L Y (1966) s tudier te das 
Zusammenpassen der Zahnreihen und die Zahngrösse an Longobarden . F A R K A S 
und M A R C S I K (1975) beschrieben an mehreren urzeitlicheren Serien auch die 
Entwicklungsanomalien, sowie K o c s i s und M A R C S I K (1979. 1980, 1981, 1982, 
1983, 1983a. 1987) an Funden aus der Awarenzeit . S Z A R V A S (1981) s tudier te an 
Serien aus der Awarenzei t aus der Umgebung von Szeged das T u b e r k u l u m 
Carabelli und die Erscheinung der Schaufcl form der Schneidezähne. ERY (1981. 
1982) untersuchte Zähne aus dem 5. J ah rhunder t und der Türkenzei t . M A R C S I K 
und K o c s i s (1984. 1986) Z ä h n e aus der Awarenzeit . K O C S I S und T R O G M A Y E R 
(1986) werteten die Z ä h n e des Vésztőer neusteinzeitlichcn und kupferzei t l ichen 
Friedhofes aus. M A R C S I K und B A G L Y A S (1987) beschrieben Schmelzhypoplasien 
an Zähnen der Awarenzeit . K O C S I S (1988) untersuchte an Material des Gorzsae r 
neuslenzeitlichen Fr iedhofes die Entwicklungsanomalien der Milch- und 
bleibenden Zähne . K O C S I S und M A R I (1988) bewerteten die palatinal-gingivale 
Furchenbi ldung an neolithischen und awarenzeit l ichen Serien. H A J Ó S (1989) 
berichtet in ihrer Diplomarbei t über die Morpholog ie von 102 aus verschiedenen 
Zeital tern s t ammenden zweiwurzeligen unteren Eckzähnen. Ausser de r schon 
erwähnten K a n d i d a t u r von B R U S Z T (1975) und der Diplomarbei t von H A J Ó S (1989) 
schrieben auch S Z A R V A S (1981) und B A G L Y A S (1986) eine Dip lomarbe i t . M A R C S I K 
(1983) dagegen ihre K a n d i d a t u r zu diesem Themenkreis . 
P S E U D O P A T H O L O G I S C H E V E R Ä N D E R U N G E N , E X P E R I M E N T E L L E 
U N T E R S U C H U N G E N 
RUDAS beschäftigt sich in seinen 1899 veröffentlichten Studien (1899, 1899a) 
mit den pos tmor ta len Veränderungen des Knochens und der Zähne . PÓR (1948. 
1953) sowie LÁNG (1964) und KOVÁCS (1972) benutzten Kiefer und Z ä h n e als 
Volumenmessungs- bzw. röntgendiagnost ische Objekte. Hier halten wir das 
Zitieren eines Details einer Veröffentl ichung Tür wichtig, die KEMENES (1970) 
machte: „ W i r fertigten von einigen Schädeln der Sammlung des Budapes ter 
Anthropologischen Insti tutes aus Anlass einer gründlicheren Unte r suchung 
Rön tgenau fnahmen an. Auf dem Röntgenbild der Mandíbu la des einen Schädels 
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fiel auf, dass in den völlig intakten Zähnen in den Wurzelkanälen ein wie eine 
Wurzelfül lung erscheinendes Mater ia l vorlag. Der überraschende und 
geheimnisvolle Röntgenbefund löste eine breite Nachforschung aus mit dem Ziel 
festzustellen, wann und wie das einen Röntgenscha t ten gebende Material in die 
völlig intakten Zähne des Unlerskiefers gelangte. ( . . . ) Der frühere Direktor der 
anthropologischen Sammlung, Dr. J Á N O S N E M E S K É R I berichtete da rüber , dass der 
fragliche Schädel einer von jenen Schädeln war, an denen Dr. L Á S Z L Ó P Ó R (1948) 
Quecksi lbervolumenmessungen vornahm. ( . . . ) Das Quecksilber gelangte bei den 
Volumenmessungen — aufgrund seines grossen hydrostat ischen Druckes — durch 
Verdrängen bzw. Zusammendrücken der Luft aus den Gebieten, wo organische 
Stoffe aufgelöst waren. ( . . . ) Die K lä rung des veröffentlichten Befundes er forder te 
eine mühevolle Nachforschung und dient als Lehre all denen, die Museummater ia l 
untersuchen. Es währe wünschenswert , zu r Vermeidung von Missverständnissen, 
alle an den Schädeln durchgeführ ten Untersuchungen Zei tpunkt und Art im 
Tagebuch des Museums aufzuzeichnen." 
S C H R A N Z ( 1 9 5 3 ) bewertete die Charak te r i s t ika von aus Ausgrabungen 
s t ammenden Zähnen aus gerichtsmedizinischer Sicht. L E N G Y E L ( 1 9 6 4 ) sowie 
N E M E S K É R I und H A R S Á N Y I ( 1 9 6 8 ) führ ten histologische, serologische, chemische 
Untersuchungen durch, bzw. untersuchten die postmorta len Veränderungen an 
solchen Zähnen . In diese bibl iographische G r u p p e nahmen wir auch jene 
Veröffentl ichungen auf , die über Eingriffe aus wahrscheinlich kultischen Zwecken 
berichten, so die Mittei lung von B A R T U C Z ( 1 9 6 6 ) über den perforierten Unterkiefer 
von Füzesabony, und die Arbeit von J Ó J Á R T ( 1 9 8 8 ) über Wirkung der 
Schädeldeformierungen auf die Kiefer. 
Buchauszüge über Untersuchungen , die an aus Ausgrabungen s t ammenden 
Kiefern und Zähnen durchgeführ t wurden , sind uns von R E G Ö L Y — M É R E I (1962) 
und K I S Z E L Y (1969) bekannt . Über die an den in Ungarn aufbewahr ten 19 
ägyptischen Mumien durchgeführ ten Zahnuntersuchungen ber ichte ten 
R E G Ö L Y — M É R E I und N E M E S K É R I (1958, 1958a). 
M I T T E I L U N G E N A U S L Ä N D I S C H E R A U T O R E N Ü B E R U N G A R I S C H E Z A H N F U N D E 
B R A B A N T (1971) arbeitete — ausser dem bereits erwähnten Artikel von 
B R A B A N T und N E M E S K É R I (1963) — auch das Szabadszálláser Material der 
Skythenzeit auf . Eingangs wurden auch bereits die Veröffentl ichungen von 
F I N N E G A N und M A R C S I K (1979, 1980. 1981) e rwähnt . F R A Y E R (1984) sowie 
M O L N Á R und M O L N Á R (1985) arbei teten Zahnmasse und Zahnpathologische 
Veränderungen aus vorgeschichtlichen Zeiten und aus dem ungarischen Mittelalter 
auf . In ungarischer Sprache berichten B R A B A N T (1962) und A N D R I K (1965) über 
eigene Untersuchungen . 
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Beendigung 
Die a u f g e f ü h r t e n U n t e r s u c h u n g e n sind in vielen Fäl len nur an a u s 
A u s g r a b u n g e n z u m Vorschein g e k o m m e n e n F u n d e n fo r t se tzba r . Teilweise s tehen 
solche Kiefer und Z ä h n e in grossen Mengen zu r Ve r fügung , teilweise ist d a s 
Mater ia l nicht ausgewähl t . Bekannt l i ch sind K n o c h e n und Z ä h n e a u s Sec t ionssä len 
nicht geeignet , f ü r e ine w a h r e s ta t is t ische A u s w e r t u n g , weil die in t ak ten Schäde l von 
d e n Sect ionshel fern mit Vorl iebe p räpa r i e r t we rden . Die in den zahnä rz t l i chen 
Einr ich tungen en t fe rn ten Z ä h n e sind wegen ihrer pa tho log i schen Vorgesch ich te ja 
ex t r ah ie r t w o r d e n und of t so z e r s t ö r t , das s sie f ü r so lche U n t e r s u c h u n g e n 
ungeeignet s ind. D a s e rk lä r t d e s h a l b die u n g e b r o c h e n e Exis tens und E n t w i c k l u n g 
de r zahnärz t l i chen Pa leopa tho log ie und Pa l eoan th ropo log i e . 
Dieser Pub l ika t ion wird d a d u r c h A k t u a l i t ä t werl iehen, das s zur Zeit d e r 
Ins t i tu ts le i tung du rch H e r r Professor PÁL LlPTÁK an meiner Arbei tss te l le , d e r 
Klinik f ü r Z a h n h e i l k u n d e und Kieferchi rurg ie , viele Kollegen p a l e o o d o n t o l o g i s c h e 
U n t e r s u c h u n g e n d u r c h f ü h r t e n . Im N a m e n meiner Kol legen T Ó T H . P R Á G A I , 
S O N K O D I , F A Z E K A S , E N D R É S Z . J Ó J Á R T , H A J Ó S und in me inem eigenen N a m e n 
d a n k e ich mit H o c h a c h t u n g f ü r diese Mögl ichke i t und die u m f a n g r e i c h e Hilfe 
w ä h r e n d dieser U n t e r s u c h u n g e n , welche wir d a m a l s beginnen und se i tdem i m m e r 
f r u c h t b a r e r for tse tzen k o n n t e n . 
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Gerichtsmedizinisches Institut. A. Szent-Györgyi Medizinischen Universität. 
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Zusammenfassung 
I n d e m a u s d e m m i t t l e r e n A n t e i l des O b e r s c h e n k e l k n o c h e n d e r L e i c h e n v o n 100 P e r s o n e n d e r 
b e i d e n G e s c h l e c h t e r ( 5 2 M ä n n e r u n d 48 F r a u e n ) u n d u n t e r s c h i e d l i c h e s A l t e r s ( z w i s c h e n 13 u n d 89 
J a h r e n ) e n t o m m e n e n P r o b e n w u r d e n m i t d e r a t o m a b s o r p t i o n s - s p c k t r o p h o t o m e t r i s c h e n M e t h o d e d i e 
K o n z e n t r a t i o n e n d e r E l e m e n t e C a , N a , K , M g . F e . Z n , M n . C u u n d P b b e s t i m m t . 
E i n s i g n i f i k a n t e r U n t e r s c h i e d i n d e r K o n z e n t r a t i o n d e r e i n z e l n e n E l e m e n t e i n d e n e i n z e l n e n 
A l t e r s g r u p p e n : j u v e n i l - a d u l t e ( 1 3 — 5 0 J a h r e ) , i m P r ä s e n i u m b e f i n d l i c h e ( 5 1 — 6 5 J a h r e ) u n d i m S e n i u m 
( ü b e r 6 5 J a h r e ) b e s t a n d n i c h t ( P > 0 . 0 5 ) . 
Schlüsselwörter: i n d i v i d u e l l e L e b e n s a l t e r , a n o r g a n i s c h e S t o f f e d e r K n o c h e n , a t o m a b s o r p s t i o n s - s p e k t r o -
p h o t o m e t r i s c h c U n t e r s u c h u n g e n , f o r e n s i s c h e u n d h i s t o r i s c h - a n t h r o p o l o g i s c h e F o r s c h u n g e n . 
Einleitung 
In Verbindung mit der kriminalistischen Personenidentifizierung anhand von 
Knochenfunden sind die zuverlässigsten Daten bezüglich des Lebensalters 
unbekannter Personen aufgrund altersbedingter Besonderheiten der anatomischen 
Struktur der Knochen zu erhalten (BONTE et al., 1976; BURNY und WOLLAST, 
1972; DE PUEG und BURDINE , 1972; FACCHINI und PETTENER, 1977; FÖLDES et 
a l „ 1980. 1981, 1982; H A M A G U C H I e t a l . , 1975; HAYNES , 1968; HUNGER , 1978; 
KÖSA et al., 1982a. 1982b, 1988a, 1988b; MOSENBACH, 1974; RUBEZHANSKII , 
1968, 1969). 
Die gerichtsmedizinische und die historisch-anthropologische Praxis haben 
entsprechende Methoden zu der in solchen Fällen erforderlichen 
Lebensalterermittlung erarbeitet (BARKER . 1965; GOODE et al., 1972; 
GUSTAFSSON et al., 1974; SMOLIARINOV et al., 1966). 
Das Lebensalter von menschlichen Feten und Neugeborenen lässt sich 
aufgrund der Knochenmasse ziemlich genaue bestimmen. Auch bis zum Puber-
tätsalter stehen dem Gerichtsmediziner zahlreiche Daten (körperliche Entwicklung, 
Zahnwechsel, Ossifikationsprozess, usw.) zur Verfügung. Meistens bedeutet die 
Altersbestimmung in Fällen von Erwachsenenskeletten das grösste Problem, 
während im Präsenium bzw. Senium das Häufigerwerden von Regressionsverän-
derungen wieder immer mehr Anhaltspunkte zur Ermittlung des Lebensalters 
bietet. 
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In der Fällen aufgefundener Knochenfragmente würde die Untersuchung der 
Knochen auf ihren Gehalt an anorganischen Substanzen einen neueren Aspekt zur 
Lebensalterermittlung bedeuten, da Literaturangaben zufolge die Konzentration 
der die Knochen aufbauenden anorganischen Elemente mit dem Lebensalter 
zusammenhängende Veränderungen (Zu- oder Abnahme) aufweist (BANZER et al., 
1976; BARRY u n d MOSSMAN , 1970; BURNY u n d WOLLAST . 1972; HASSNER e t a l . . 
1967; HAYEK . 1967; HERRING. 1968; KÖSA et al., 1988a. PUUMALAINEN und 
ULMARIHUHTA. 1977). 
Bei der Untersuchung des anorganischen Materialgehaltes der Knochen haben 
manche Autoren gefunden, dass die Konzentration einiger Elemente (z. B. Hg und 
Pb) mit fortschreitendem Alter in den Knochen steigt (JENSEN et al.. 1972; 
KALASHNIKOV u n d ZSICKIK. 1977; KATRANOUSKOV u n d DGANKOV, 1972; KÖSA 
et a l . , 1980; MALTSEVA, 1973; TOUGAARD. 1973). 
Aus gerichtsmedizinischer Sicht wäre es in der Fälle von Skelettfragmenten 
oder einzelnen Knochen von sehr grosser Bedeutung, wenn aufgrund der 
chemischen Analyse einzelner Knochenstücke auf das Alter des unbekannten 
Individuums geschlossen werden könnte (BURNY und WOLLAST, 1972; KÖSA et al., 
1980; 1988a; MADSEN, 1977). 
Chemische Untersuchungen an historisch-anthropologischen 
Knochenmaterial haben in Ungarn LENGYEL (1964. 1967, 1968. 1969. 1970. 1971a. 
1971b. 1971c, 1972a, 1972b, 1972c, 1976. 1979, 1980), LENGYEL und FARKAS 
(1972), LENGYEL und NEMESKERI (1963, 1964, 1965, 1970. 1972). LENGYEL und 
MISZKIJEWICZ (1974), NEMESKERI und LENGYEL (1963) durchgeführt. 
Die atomabsorptions-spektrophotometrische Messung stellt heute bereits in 
vielen erreichbares Untersuchungsverfahren dar. das bei der Bestimmung des 
Gehaltes der Knochen an anorganischen Substanzen genaue Ergebnisse liefert. 
Nachdem die bisherigen diesbezüglichen Untersuchungen derartige Möglichkeiten 
und zuverlässige Resultate geliefert haben, beschlossen wir. die Frage anhand der 
Untersuchung eines umfangreichen Knochenprobenmaterials zu klären. 
Untersuchungsmaterial und Methode 
A u s d e m S c k l i o n s m a t c r i a l u n s e r e I n s t i t u t s w u r d e n 100 L e i c h e n d e r b e i d e n G e s c h l e c h t e r ( 5 2 
M ä n n e r u n d 4 8 F r a u e n ) u n d v e r s c h i e d e n e r A l t e r ( z w i s c h e n 13 u n d 89 J a h r e n ) a u s g e w ä h l t u n d a u s d e m 
m i t t l e r e n A n t e i l des O b e r s c h e n k e l k n o c h e n s ( a u s d e r K o m p a k t a ) P r o b e n e n t n o m m e n u n d m i t t e l s 
a t o m a b s o r p t i o n s s p c k t r o p h o t o m c t r i s c h e r M e t h o d e i h r G e h a l t a n e i n e r G r u p p e a n o r g a n i s c h e r E l e m e n t e 
( C a . N a . K . M g . Fe . Z n . M n . P b . C u ) b e s t i m m t . D i e e r h a l t e n e n E r g e b n i s s e w u r d e n m a t h e m a t i s c h -
s t a t i t s t i c h b e w e r t e t . 
Z u r V o r b e r e i t u n g des U n t e r s u c h u n g s m a t e r i a l s b e n u t z e n w i r d a s t e i l w e i s e m o d i l i z i e r t e V e r f a h r e n 
v o n L E G A N D R E u n d A L E R E Y ( 1 9 7 6 ) . 
D a b e i w u r d e n d i e z u u n t e r s u c h e n d e n K n o c h e n p r o b c n i n d e r K n o c h e n m ü h l e z u 0 . 2 — 0 . 5 m m 
g r o s s e n G r a n u l a z e r k l e i n e r t u n d d a n n m i t 3 m l e ines A e t h e r - A l k o h o l g e m i s c h e s 1:1 b z w . a n s c h l i e s s e n d 3 
m a l m i t j e 5 m l e ines P e t r o l a e t h e r - A e t h e r g c m i s s c s 1:1 g e r e i n i g t . N a c h d e r E n t f e r n u n g des L ö s u n g s m i t t e l s 
w u r d e n d i e K n o c h e n p r o b c n b is z u r G c w i c h t s k o n s t a n z g e t r o c k n e t , v o n d e m s o g e w o n n e n e n M a t e r i a l I g 
in e i n 50 m l fassendes B e c h e r g l a s g e m e s s e n . 2 m l cc . s u p r a p u r e S a l z s ä u r e u n d I m l cc . s u p r a p u r e 
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S a l p e t e r s ä u r e d a z u g e g e b e n u n d a m W a s s e r b a d e i n g e d a m p f t . D i e s ä u r i g e F r e i s e t z u n g w u r d e n o c h 
z w e i m a l w i e d e r h o l t . 
P a r a l l e l m i t d e m T e s t m a t e r i a l w u r d e n a u c h B l i n d p r o b e n a n g e s e t z t , w o n u r d i e o b i g e n 
S ä u r e m e n g e n c i n g c m e s s e n w a r e n . 
D i e e i n g e t r o c k n e t e n M a t e r i a l p r o b e n b z w . B l i n d p r o b e n w u r d e n d a n n m i t 0 . 2 - % i g e m 
L a n t h a n c h l o r i d q u a n l i t i v i n 25 m l - M e s s k o l b e n ü b e r t r a g e n u n d a u s d i e s e r S t a m m l ö s u n g d i e z u d e n 
M e s s u n g e n b e n ö t i g t e n V e r d ü n n u n g e n b e r e i t e t . D i e M e s s u n g e n e r f o l g t e n m i t H i l f e d e s P e r k i n E l m e r 
A b s o r p t i o n s - S p e k t r o p h o t o m e t e r M o d e l l 306 . u n t e r d e n F a b r i k v o r s c h r i f t e n e n t s p r e c h e n d e n o p t i -
m a l i s i e r t e n B e d i n g u n g e n i n d e r L u f t / A z e t y l e n - F l a m m e . 
Ergebnisse und Besprechung 
Tabelle 1. veranschaulicht die Mittelwerte der in der Femurdiaphyse gemessen 
Ca-, Na-, K-. und Mg-, und Tabelle 2 jene der Fe-, Zn-, Mn-, Pb-, und Cu-
Konzentrationen nach Altersgruppen zwischen 13—50 Jahren (juvenil-adulte) 
zwischen 51—65 Jahren (Präsenium) und Senium (über 65 Jahre). 
Bei der computergesteuerten mathematischen Bewertung fand Untersuchung 
des Mittelwertes, der Streuung, der Korrelation bzw. Regression der Altersgruppen 
Tabelle I . V e r ä n d e r u n g des G e h a l t e s m e n s c h l i c h e r K n o c h e n a n a n o r g a n i s c h e n S u b s t a n z e n i n m g / g 
m i l d e m L e b e n s a l t e r 
A l t e r s - M i t t l e r e s 
C a 
g r u p p e 
n 
L e b e n s a l t e r 
N a K M g 
1 1 — 5 0 43 3 6 . 4 6 1 8 0 . 3 7 5.51 1,09 2 . 3 4 
± 10.07 ± 18.04 ± 1 . 5 2 ± 0 , 5 4 ± 0 . 3 3 
5 1 — 6 5 23 5 7 . 8 6 186 .56 5 , 5 5 0 . 7 3 2 . 2 5 
± 4 . 1 5 ± 2 2 . 9 8 ± 1 , 2 3 ± 0 . 3 0 ± 0 . 2 7 
6 6 — 34 7 5 . 7 9 188.41 6 . 1 6 1,12 2 .33 
± 6 . 0 1 ± 1 8 . 5 9 ± 1.44 ± 0 . 4 4 ± 0 , 2 5 
I n s g e s a m t 100 P > 0 , 0 5 
Tabelle 2. V e r ä n d e r u n g des G e h a l t e s m e n s c h l i c h e r K n o c h e n a n a n o r g a n i s c h e n S u b s t a n z e n in n g / g 
m i t d e m L e b e n s a l t e r 
A l t e r s - M i t t l e r e s 
Fe Z n 
g r u p p e 
n 
L e b e n s a l t e r 
M n j i g / g P b C u 
1 1 — 5 0 43 3 6 . 4 6 4 1 . 2 0 118.67 3 . 0 2 15 .90 5 .03 
± 10 .07 ± 4 3 . 7 9 ± 4 0 . 2 0 ± 1 . 0 4 ± 2 7 . 8 5 ± 3 . 8 0 
5 1 — 6 5 23 5 7 , 8 6 3 9 . 6 7 108.60 2 .84 13,71 3 .11 
± 4 . 1 5 ± 4 1 . 8 0 ± 2 1 . 3 1 ± 1 . 0 0 ± 7 . 1 2 ± 2 . 5 4 
6 6 - 34 7 5 , 7 9 3 9 . 8 1 142,87 9 . 8 8 2 1 . 1 0 5 , 2 0 
± 6 . 0 1 ± 3 2 . 8 7 ± 106.95 ± 0 , 9 5 ± 1 9 . 3 9 ± 2 . 8 8 
I n s g e s a m t 100 P > 0 . 0 5 
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Stau und darüber hinaus wurde auch untersucht, ob zwischen den Altersgruppen ein 
signifikanten Unterschied besteht. 
Im Sinne dieser Befunde war bisher bei keinem einzigen Element eine 
signifikante Abweichung zu registrieren. 
STREHLOW und KNEIP (1969) hatten bei der atomabsorptionsspektrophoto-
metrischen Untersuchung des Gehaltes der Zähne an anorganischen Substanzen 
beobachtet, dass das Pb mit fortschreitenden Lebensalter in zunehmender Kon-
zentration anwesend ist (Tabelle 3, Diagramm I). 
Aufgrund der Analyse der Zähne von 57 unseren Sektionsmaterial 
entstammenden Individuen unterschiedlichen Alters und Geschlechts konnten wir 
die Feststellung der zitierten Autoren nicht bekräftigen (FÖLDES et al., 1981), da in 
den Zähnen mit zunehmenden Alter korrelierende Konzentrationszunahmen weder 
im Falle des Pb. noch bei anderen Elementen vorkamen (Tabelle 4 und 5). Für die 
gerichtsmedizinische Praxis eine Methode auszuarbeiten, mit Hilfe derer innerhalb 
der Verjährungsfrist von Verbrechen aufgrund der Untersuchung der Knochen an 
anorganischen Substanzgehalt das Lebensalter einer unbekannten Person mit 
Sicherheit festgestellt werden könnte, ist somit bislang nicht gelungen. 
Tabelle 3. B l e i g e h a l l d e r m e n s c h l i c h e n Z ä h n e n a c h STREHLOW u n d K N E I P ( 1 9 6 9 ) 
L e b e n s a l t e r 
B l e i | i g / g 
A s c h e 
i m M i t t e l 






I 7 ± 1 
1 0 - 2 0 







2 2 ± 7 
3 6 ± I 0 




5 9 ± 10 




7 2 ± 13 




116 ± 2 9 
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10 20 30 40 50 60 Jahre 
A b b I . V e r ä n d e r u n g des B l c i g e h a l t c s m e n s c h l i c h e r Z ä h n e m i t d e m L e b e n s a l t e r n a c h 
STREHLOW u n d K N E I P ( 1 9 6 9 ) 
Tabelle 4. G e h a l t m e n s c h l i c h e r Z ä h n e a n a n o r g a n i s c h e n S u b s t a n z e n 
Ca N a K M g Fe Z n M n C u L i Pb 
m g / g Asehe mg/g Asche 
Fr ischcr 
F c m u r . (100 U n - 184.53 5.75 1.02 2.32 40,38 124,58 2.93 4.67 — 17.25 
tersuchungen) ± 19.60 ± 1.45 ± 0 . 4 9 ± 0 . 2 9 ± 39.53 ± 6 9 . 2 0 ±0 .99 ± 3 . 3 3 — ± 2 1 . 9 0 
Zähne (57 U n - 495.0 9.15 0.62 10.36 436.0 613.0 17.57 24.62 2,72 
tersuchungen) ±157 .8 ± 3 . 0 1 ±0 .13 ±1 ,78 ±304,3 ± 297.2 ±11 .1 ± 1 1 . 8 4 ± 0 . 9 8 — 
P<0.05 
Tabel le 5. Gehal t menschlicher Zähne an anorganischen Substanzen nach Gcschlcchicrn 
C a N a K M g Fe Z n M n C u L i Pb 
mg g Asehc mg/g Asche 
Frischcr 
Fcmur (100 U n - 184.53 5,75 1.02 2,32 40.38 124.58 2.93 4.67 — 17.25 
iers uchungen) ± 19.60 ± 1.45 ± 0 . 4 9 ± 0 . 2 9 ± 39,53 ± 6 9 . 2 0 ± 0 , 9 9 ± 3 . 3 3 — ± 2 1 . 9 0 
Zähne (35 U n - 507.00 8.48 0.61 10.73 487,00 655.00 18.57 24.95 2.71 
lersuehungen) ± 145.30 ± 2 . 8 9 ± 0 . 1 1 ± 2 . 0 ± 338.6 ±314 .3 ±11 .06 ± 1 0 , 9 ± 0 . 9 — 
Zähne (22 U n - 483.0 9.81 0.63 9.99 385.0 570.0 16.57 24.29 2.73 
Icrsuchungen) ± 1 5 1 . 8 ± 2 . 9 8 ± 0 . 1 7 ± 1 . 7 ± 2 3 3 . 4 ±232 .5 ±11 ,4 ± 1 3 . 2 ± 1 . 0 0 
P<0,05 
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Zusammenfassung 
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a n o r g a n i s c h e n S u b s t a n z e n ( b e s o n d e r s Fe u n d M n ) z e i g t d e u t l i c h d a s c h r o n o l o g i s c h e A l t e r des K n o c h e n 
a n . D i e U n t e r s u c h u n g d ieser E l e m e n t e k a n n e ine g e e i g n e t e M e t h o d e z u r E r m i t t l u n g des c h r o n o l o g i s c h e n 
A l t e r s i n d e r f o r e n s i s c h e n u n d p a l ä o a n t h r o p o l o g i s c h c n F o r s c h u n g sein. 
Schlüsselwörter: m e n s c h l i c h e K n o c h e n , c h r o n o l o g i s c h e s A l t e r , a n o r g a n i s c h e n S u b s t a n z e n d e r K n o c h e n , 
f o r e n s i s c h e u n d h i s t o r i s c h - a n t h r o p o l o g i s c h e U n t e r s u c h u n g e n . 
Einleitung 
Aufgrund der quantitativ-chemischen Analyse der Knochen haben einige 
Forscher ( F R E M Y , 1853; WIBEL, 1869) bereits im vergangenen Jahrhundert 
festgestellt, dass die Zusammensetzung rezenter und fossiler Knochen während 
ihres Verbleibs in der Erde sich proportional der Dauer ihres Liegens in der Erde 
ändert: die Menge der anorganischen StofTe (EASTOE, 1956; K N I G H T . 1969) lässt 
mit der Zeit nach, während die der organischen ( G A N G L , 1936; KLEMENT, 1938; 
K N I G H T , 1969: KÓSA et al„ 1980, 1982; LlNDQUlST. 1959) zunimmt. 
WEIBEL (1912) zog aufgrund der Veränderung des spezifischen 
Gewichtsverhältnisse der kompakten Knochensubstanz auf das chronologische 
Alter der Knochen. 
Auf diesem speziellen Fachgebiet der forensischen und paläoanthropologi-
schen Osteologie sind in früheren Jahren, aber auch in der letzten Zeit intensive For-
schungen getätigt worden (BERG, 1962, 1975; BERG und SPECHT, 1958; CALSTRÖM 
u n d ENGSTRÖM, 1956; EVANS, 1963; FAZEKAS u n d KÓSA, 1978; FLEISCH, 1966; 
FÖLDES et a l . , 1980, 1982; FÖLDES u n d KÓSA, 1980). 
Dessen ungeachtet ergeben sich betreffs der Feststellung des chronologischen 
Alters der Knochen auch heute noch zahlreiche praktische Probleme, da die 
2 0 0 F . K ö s a . E . V i r á g o s Kis. B R e n g e i u n d V . F ö l d e s 
Veränderung des Gehaltes der Knochen an anorganischen StolTen dem Einfluss 
sehr vieler Faktoren untersteht (HUNGER et al., 1968; HUNGER und LEOPOLD. 
1978: RAESTRUP. 1926: RAMANN. 1905; ZIEGELMAYER. 1963). 
Unsere an aus dem archäologischen Ausgrabungsmaterial des 
Anthropologischen Instituts der Attila-Jözsef-Universität Szeged stammenden 
Knochen angestellten Untersuchungen (KÖSA et al.. 1982) haben erwiesen, dass die 
Veränderung des Mn-Gehaltes das chronologische Alter der Knochen gut anzeigt. 
Chemische Untersuchungen an geschichtlichem anthropologischen 
Knochenmaterial haben Lengyel (1964, 1967. 1968. 1969, 1970. 1971a, 1971b. 
1971c, 1972a, 1972b. 1972c, 1976, 1979. 1980). LENGYEL und FARKAS (1972). 
LENGYEL und NEMESKF.RI (1963, 1964, 1965. 1970. 1972). sowie LENGYEL und 
MISZKIJEWICZ (1974), NEMF.SKERI und LENGYEL (1963) durchgeführt. Die 
angewandten Methoden und die erhaltenen Ergebnisse sind aus fachlicher Sicht 
bedeutend. 
Die in den Knochen von ohne Sarg beerdigten Leichen vor sich gehenden 
physikalischen Prozesse können also Anhaltspunkte für die Dauer der 
Begräbniszeil in der Erde. d. h. für das chronologische Alter der Knochen liefern 
(FÖLDES e t a l . , 1980: FREMY. 1853; KÖSA et a l . , 1982; WEIBEL, 1912). 
Die unter Kriegsverhältnissen verscharrten Leichen (in Einzel- oder 
Massengräbern) bilden eine besondere Gruppe der Erdbestattung (HUNGER. 1967; 
HUNGER und LEOPOLD , 1978; HUNGER et al., 1968). Nachdem hier die 
Zersetzungsvorgänge (das Vermoderung der Knochen) schneller vonstatten geht als 
wenn die Leiche in einem Sarg bestattet worden wäre, hielten wir es für angezeigt, 
auch Untersuchungen über die Bestattungsform anzustellen. 
Untersuchungsmaterial und Methode 
Z u r U n t e r s u c h u n g d e r V e r w e s u n g d e r K n o c h e n v o n L e i c h e n , d i e o h n e S a r g b e e r d i g t w u r d e n , 
h a b e n w i r a u s M a s s e n g r ä b e r n s t a m m e n d e K n o c h e n a u s g e w ä h l t , be i d e n e n i n f o l g e d e r g e n a u e n K e n n t n i s 
des B c e r d i g u n g s - u n d E x h u m i e r u n g s t c r m i n s d i e Z e i t d a u e r d e s B e g r ä b n i s s i c h e r f e s t s t e l l b a r w a r . D e r 
G e h a l t d e r K n o c h e n an a n o r g a n i s c h e r S u b s t a n z ( C a . N a . K . M g . Fe . Z n . M n . C u . P b ) w u r d e i n 
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Ergebnisse 
Die Untersuchungsergebnisse bezüglich des anorganischen Substanzgehaltes 
der Knochen von ohne Sarg beerdigten Leichen sind in Tabelle I. zusammengefasst. 
Die Konzentration der in den Knochen untersuchten Elemente wechselte im 
Verhältnis zu den physiologischen Werten der Knochen in sehr unterschiedlichem 
Masse. 
Die Ca-Veränderung bewegt sich innerhalb der physiologischen 
Wertstreungen. Der Mittelwert der übrigen Elemente hingegen weicht signifikant 
von den physiologischen Konzentrationen ab. Natrium und Kalium liegen 
unterhalb des physiologischen Wertes. Da es sich um verschieden lange Zeit in 
unterschiedlichen Bodenarten (12—15 Jahre) begrabene Leichen handelt, ist es 
aulTallend. dass in der Fällen aller 6 Skelette der Na- und der K-Gehalt die in den 
Knochen normalerweise nachweisbare Konzentration nicht erreicht. Der Wert des 
Na hingegen liegt etwas höher als die in den Erdproben bestimmte Na-
Konzentration. Bemerkt sei, dass wir bei diesen Knochenuntersuchungen nicht die 
tatsächlich die Knochen umgebenden Erdproben verwendeten, da sie ja nicht zur 
Verfügung stand und auch nachträglich nicht zu beschaffen waren, sondern die 
Mittelwerte zahlreicher Bodenproben berücksichtigten. Auch der K-Gehalt der 
untersuchten Knochenproben war im Vergleich zur Erdprobe in jeden Fällen 
niedriger. Die Veränderung des Mg-Gehaltes zeigte keinerlei Regelmässigkeiten in 
Bezug auf das chronologische Alter. Im Verhältnis zur physiologischen 
Konzentration war im Mg-Gehalt eine geringgradige Abweichung zu verzeichnen, 
doch war auch diese nicht signifikant (P>0.05). 
Die Abweichung der Cu- und Pb-Konzentrationen von der physiologischen 
Werte und von der Konzentration der Probe ist ebenfalls keine bedeutende. 
Die Erhöhung des Zn-Gehaltes, das Doppelte der noch höhere Werte betragen 
kann als physiologischerweise, ist mit einer Bodenverunreinigung (mit der Wirkung 
von gleichzeitig mit der Beerdigung in den Boden gelangten verunreinigenden 
Metalle zu erklaren). 
Beachtlich ist dagegen der Anstieg des Fe- und Mn-Gehaltes in den 
ausgegrabenen Knochen. Der Fe-Gehalt kann unseren Untersuchungen zufolge 
sogar eine Erhöhung auf das 50-fache erreichen, d. h. 1/6 der in der Bodenprobe 
anwesenden Konzentration. 
Nach 15-jährigem Liegen in der Erde kann auch der Mn-Gehalt ein 50-faches 
des physiologischen Wertes erreichen, was etwa 50% der in der Erdprobe 
nachweisbaren Menge entspricht. 
Diese Veränderungen sind so zu bewerten, dass in Fälle einer Exhumicrung 
binnen 15 Jahren die Veränderung des Mn-Gehaltes der Knochen den besten 
..Indikator" zur Ermittlung des chronologischen Alters der Knochen darstellt. 
r-J 
Tabelle I . D e r G e h a l t d e r K n o c h e n v o n o h r e S a r g b e e r d i g t e n L e i c h e n a n a n o r g a n i s c h e n S u b s t a n z e n 
Fa l l V e r w e i l d a u e r U n l e r s u e h u n g s - C a N a K M g F e Z n Mn C u 
P b 
N r . F u n d o r l in d e r F.rde 
( J a h r e ) m g / g mg /g 
M i t t e l w e r l d e r Bo- 83 .0 
d e n p r o b e n (n = 100) 184.53 
M i i i c l w c r t f r i s c h e r ± 19,60 
K n o c h c n (n = 100) 
1.90 
5 .74 
± 1 , 4 5 
2.20 
1.02 
± 0 . 4 8 
19.0 
2.31 
± 0 . 2 9 
129,90 
40 .38 
± 39 .53 
59 .0 
124.58 
± 6 9 . 2 0 
335,0 
2.93 
± 0 . 9 9 
19.0 
4 .67 
± 3 .33 
8 .0 
17.25 
± 2 1 . 9 0 
1 M a s s e n g r a b 
bei D o b o z 
12 
M i t t e l w e r l von F c m u r , 
M a n d í b u l a . C l a v i c u l a 
2 .43 0 .38 1.23 239 .0 210 .0 61 ,33 6 ,87 9.11 
2. F x h u m i c r u n g ( M . B. l 
c a 6 0 J a h r e 
14 
Mil telvvert v o n M a n d i - 1 | 5 Q 
b u l a , D c n s . C l a v i c u l a 
4 ,02 0 . 2 6 2.39 553.0 254 .0 16.73 19.47 33.0 
3. M a s s e n g r a b bei 
S z é k e s f e h é r v á r 
15 
M i t t e l w c r t von F c m u r 
u n d S l e r n u m 
3.97 0 .78 3 .00 855 .0 419 ,0 81.00 68 .4 13.5 
4 M a s s e n g r a b in K o m i t a t 
Fe j é r 
15 
M i t t e l w e r l v o n F é m u r . . . „ 
154.0 
u. S a c r u m 
1.12 0 .59 2 .12 975 .0 156.0 62 ,6 7.1 4 .0 
5. M a s s e n g r a b su d e m II . 
W e l t k r i e g 
15 
Miltelvvert v o n F c m u r ^ ( | 
u. M a n d í b u l a 
3,07 0 .68 1.88 250 .0 331.0 113.8 10,95 9 ,0 
6. Hin u n b e k a n n t e r russ i scher 
S o l d a t 
15 
M i l t c l w e r l v o n F c m u r 
u n d C a l e a n e u s 
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Abstract 
D u r i n g the p a l e o p a t h o l o g i e s ! e x a m i n a t i o n o f 518 h u m a n s k e l e t o n r e m a i n s b e l o n g i n g t o t h e 
S z c k k u i a s - K á p o l n a d ü l ö c e m e t e r y ( H u n g a r y , t e r r i t o r y east o f the r i v e r T i s z a ) o f la te A v a r ( 8 t h c c n t u r y ) 
a n d S a r m a t i a n p e r i o d , the a u t o r n o t i c e d the t races o f t u m o r o u s les ion o n 16 i n d i v i d u a l s . M o s t o f t h e m 
were c o n s e q u e n c e s o f b e n i g n t u m o r o u s diseases: o s t e o c h o n d r o m a s in 7 a n d o s t e o m a s i n 6 cases. W c h a v e 
t o a c c e n t u a t e t h a t m a l i g n t u m o r s o c c u r r e d i n 3 cases: i n o n e case a m u l t i p l e m y e l o m a a n d i n t w o eases 
m e t a s t a t i c c a r c i n o m a w e r e the p r e s u m a b l e diseases. T h e d i f f e r e n t i a l d i a g n o s i s w a s m a d e b y e x a m i n a t i o n s 
u s i n g m a c r o s c o p i c m o r p h o l o g i c a l . X - r a y a n d s c a n n i n g e l e c t r o n m i c r o s c o p e s . 
Key words: p a l e o p a t h o l o g y . A v a r p e r i o d , o s t e o c h o n d r o m a , o s t e o m a , m u l t i p l e m y e l o m a , m e t a s t a t i c 
c a r c i n o m a . 
Introduction 
There are known several ways of classifying the tumors of bone both in the 
recent and in the paleopathologies! literature. All of them, however, agree in the 
principle of separating the primary tumors from the secondary (metastatic) ones 
(ORTNER and PUTSCHAR, 1981; BARTA, 1986). In case of primary tumors the 
authors of recent papers, besides a simple separation of the individual benign and 
malign diseases (PARSONS, 1980; Z I M M E R M A N and K E L L E Y , 1982), consider the 
process how the different tumor types were developing in and from the tissues 
(STEINBOCK , 1976; GLAUBER et al., 1980; ENDES , 1983; REVELL , 1986). Most of 
them take as a basis the classification of 1971 by SPJUT et al., and following it, 
separate each others tumors of cartilage, bone, fibrous, medullary and vascular 
origins. 
The analysis of bone tumors is one of the most difficult problem in the 
paleopathology. The tissue elements of the tumors, excepting a special part of the 
ossifying tumors, vanish together with the viscera and, consequently, their 
identification becomes impossible. When historical anthropological remains are 
examined generally the larger structural changes (pathological hypertrophy or 
hypotrophy of the bones) give the necessery information. These examinations, 
however, excepting a few relatively unambiguous diagnoses (osteoma eburneum. 
osteochondroma, osteosarcoma osteoplasticum) mostly cause differential 
2(18 g v . P á l f i 
d i a g n o s t i c a l p r o b l e m s . T h e r e a r e . n a m e l y , severa l i n f e c t i o u s o r m e t a b o l i c c h a n g e s 
w h i c h c a u s e p r o c e s s e s i nvo lv ing b o n e p r o d u c t i o n . In case o f o s t e o l y t i c p h e n o m e n a 
the p o s t m o r t a l o r i g i n o r the s u s p i c i o n o f d i f f e r e n t i n f e c t i o u s d i s e a s e s a r e r e a s o n a b l e 
s u p p o s i t i o n s . F u r t h e r d i f f icu l t ies m a y b e c a u s e d by the s e p a r a t i o n o f t u m o r s 
i n v o l v i n g s imi l a r o s t e o l o g i c s y m p t o m s (e .g . m u l t i p l e m y e l o m a , o s t e o l y t i c m e -
tas t a s i s . m u l t i p l e e o s i n o p h i l e g r a n u l o m a ) . 
N e v e r t h e l e s s , in the p a l e o p a t h o l o g i c a l l i t e r a t u r e o f the recen t y e a r s o n e m a y 
e x p e r i e n c e vivid in te res t r e g a r d i n g the t u m o r o u s lesion d e t e c t a b l e in h i s t o r i c a l 
a n t h r o p o l o g i c a l ser ies (SOULIÉ. 1980: LOBDELL. 1981; CYBULSKI a n d PETT. 1981; 
TKOCZ a n d BLERRING, 1984; STROUHAL a n d VYHNANEK. 1981. 1987; GREGG a n d 
GREGG, 1987; GRUPE, 1988). T h e s e p a r a t i o n o f t h e t u m o r t y p e s h a s been f a c i l i t a t e d 
by t h e d e v e l o p m e n t o f t h e d i f f e r e n t i a l d i a g n o s t i c a l p r o c e s s e s ( U l I L l G , 1982; 
SCHULTZ, 1986). 
Materials and methods 
The subject of the examination consisted of the anthropological remains of the Szckkutus-
Kápolnadülö cemetery of late Avar and Sarmatian period stored in the collection of the Department of 
Anthropology. Attila József University. During the period 1965—1986 altogether 555 graves were 
explored under the direction of archeologisl K A T A L I N B. N A G Y , and 533 of them can be dated from the 
Avar Period. 
Skeletal remains of 518 individuals were dug out of those graves. Most of them were fragmentary 
(66.8%) or in a middling preservation (24,5%). 
The aim of our work was to assess the pathological changes detected on the remains of the late Avar 
period (8th ccntury). That assessment was carried out together with the determination of sexes and ages at 
death by using macroscopic morphological methods and taking the corresponding special literature into 
consideration. 
For identifying the pathological cases and. especially, for carrying out the more difficult differential 
diagnosis, it was necessary the use of X-ray analysis, as well as the adoption of stcreomicroscopic and 
scanning clcctronmicroscopic examinations. 
Discussion 
W h e n the e x a m i n a t i o n s o f the la te A v a r p e r i o d r e m a i n s w e r e c a r r i e d o u t . 
bes ides o t h e r d i sease types , t u m o r s o f b o n e o f d i f f e r e n t o r ig in a n d a p p e a r a n c e a l s o 
o c c u r e d . A m o n g t h e m w e c o u l d d i f f e r e n t i a t e l e s ions o f c h o n d r o g e n . m y e l o g c n a n d 
m e t a s t a t i c o r ig in s . 
A m o n g t h e e x a m i n e d r e m a i n s in seven cases the o c c u r r e n c e o f 
o s t e o c h o n d r o m a w a s d e t e c t e d a s a r e p r e s e n t a t i v e f o r m of t h e t u m o r s of c h o n d r o g e n 
o r i g i n . T h e m o s t f r e q u e n t ben ign t u m o r o f b o n e is t h e o s t e o c h o n d r o m a o r e x o s t o s i s 
c a r t i l l a g i n e a : a b o n e f o r m a t i o n w i t h a g r o w i n g c a r t i l a g i n o u s a p e x (ZIMMERMAN 
a n d KELLEY. 1982). T h e o c c u r r e n c e o f t h i s v a r i e t y c a n be n o t i c e d in all c a s e s w h e r e 
t he re is a n e n c h o n d r a l o s s i f i ca t ion . It o r i g i n a t e s , h o w e v e r , m o s t l y in the m e t a p h y s i s 
o f t u b u l a r b o n e s . GLAUBER (in BARTA, 1986) c lass i f ies it a s a t y p e o f s e m i m a l i g n 
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hamartomas. All the examined cases were 5—10 mm long, pin-shaped exostoses 
having their origins in the metaphysis of long bones (3 tibiae, 2 humeri, 2 fibulae. 
1—1 radius and femur). Division according sexes and ages at death was. as follows: 
I adult female, 3 adult males and 3 mature males. 
Regarding the tumors of osteogen origin the occurrence of osteoma was 
detected at 6 individuals. The benign tumor consisting of mature bone tissues was to 
be noticed almost in all cases on the skull bones, and could be classified as a type of 
the benign hamartomas (GLAUBER et al., 1980). The observed cases were so called 
..button" osteomas of 3—8 mm diametres. They occured in 4 cases on the surface of 
tabula externa, in one case on the surface of the tabula interna and in one case on 
that of the angulus mandibulae (Fig. 1.). The lesions were distributed among one 
adult female, three mature females, one senile female and one adult male. One has to 
separate from the osteomas the exostoses of thorn- or crest-formation originating in 
periosteum which usually were caused by inflamed, traumatic or other metabolic 
influences (ENDES, 1983). 
By the following three cases of malign tumors may be aroused absolutely more 
interest than by the frequent changes of chiefly benign tumors. 
F i g . I . O s t e o m a o f 5 m m size o n a n g u l u s m a n d i b u l a e 
F i n d i n g N r . 9 9 0 2 . g r a v e N r . 5 2 4 . m a t u r e f e m a l e 
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— 1st case: grave Nr. 135 (number of finding: 8270). Fragmentary skeleton of 
a mature male. Several small osteolytic lesions usually of 3—6 mm diametres can be 
observed on the outer surface of the os frontale and on that of the right and left side 
os parietale (Fig. 2). The largest lesion (lOx 11 mm) can be seen on the surface of the 
left side os parietale. It has been probably caused by the fusion of three smaller foci 
into one spot. The smaller lesions have a shape of a regular circle. The shapes of the 
larger ones are not so regular. Most of those lesions perforated only the tabula 
externa, but a few of them completely perforated the vertex. When viewing from 
direction of the tabula interna one can see on the left side os parietale one and on the 
right side os parietale 4 smaller lytic areas. On the internal surface of the os frontale 
no lesion is to be seen. 
Around the lesions no reaction of bones were to be seen neither with 
macroscopic nor with stereomicroscopic examination. No similar lesion has been 
detected by us on the very fragmentary frontal skull and postcranial skeleton. On 
can see cribra orbilalia in orbita sinistra and caries on molars 36 and 37. 
On the X-ray photographs of the vertex (Fig. 3) we can see several lytic area to 
be found only in the diploe. No one of those lytic areas have broken through, 
however, any of the tabulae. 
F i g . 2. O s t e o l y t i c les ions o n t h e v e r t e x 
F i n d i n g N r . 8 2 7 0 . g r a v e N r . 135. m a t u r e m a l e 
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F i g . 3. X - r a y p h o t o g r a p h o f t he c a l v a r i u m t o be seen o n F i g . 2 . 
F i n d i n g N r . 8 2 7 0 . g r a v e N r . 135. m a t u r e m a l e 
During the paleopathological analysis of the osteolytic processes it was always 
the suspicion of postmortal origin that first emerged. That suspicion was, however, 
disclosed by the presence of the lesion localized to the diploe only, to be seen very 
distinguishably in the X-ray photographs chiefly on the right side of the os frontale 
When the morphological analysis is carried out for making diagnosis both the 
osteolytic metastatic carcinoma and the multiple myeloma (plasmocytoma) may be 
a reasonable supposition. Both diseases occur generally at individuals belonging to 
the age group over 50 years with similar localization (ORTNER and PUTSCHAR, 
1981) because both of them prefer the flat bones containing active red medulla even 
at higher ages. Nevertheless, according to data to be found in the special literature, 
the multiple myeloma occurs more frequently on the vertex (STF.INBOCK. 1976). In 
cases of multiple myeloma no sclerosis can be detected around the lesion and. 
consequently, the lysis is of punche-out character without condensation on the 
edges (ZIMMERMAN and KELLEY. 1982; ENDES. 1983: CSAKANY and FORRAI. 
1984). These statements can be proven by our X-ray photographs, too. The defects 
of similarily ..perforated" character caused by eosinophil granuloma (histiocytosis 
X) are usually larger, and the disease mostly occur before the twentieth year of life. 
Consequently, it can probably be disclosed (GLAUBER et al., 1980). The high 
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number, the small diametre and the constant measure are characteristic to the 
multiple myeloma (UHLIG, 1982). 
But in the case of the grave Nr. 135 the probability of osteolytic metastatic 
carcinoma may not completely be disclosed. Although the character of the defects 
can be chiefly compared to the case Nr. 4 (Abusir 204/h/78) described by STROUHAL 
and VYHNANEK (1981. 1987) their localization rather makes the multiple myeloma 
of myelogen origin probable which caused the death of the mature male with a great 
probability. 
It is worth to mention the cribra orbitalia to be seen in orbita sinistra which 
could be caused by anaemia because of iron insufficiency ( STUART-MACADAM. 
1987). A connection can be supposed between these two processes because the 
damage of red medulla (both multiple myeloma and osteolytic metastasis) can cause 
production of haematopoietic problems. The common occurrence of cribra 
orbitalia and osteolytic tumor was announced by STROUHAL in two cases 
(1976—1977). 
— 2nd case: grave Nr. 209, (number of finding: 8338). Skull and postcranial 
remains of a senile female. Despite the very fragmentary state of the bones several 
osteolytic defects can be detected. A lesion of 18x20 mm can be seen on the left side 
os parietale above the sutura sphcnoparietalis and another one of 9x7 mm on the os 
occipitale. 2 larger lesions of 12—14 mm diametres have merged into a larger one on 
the left side os temporale, one lytic area of 6x5 mm can be seen on the os frontale and 
three smaller lytic areas 2—3 mm each can be seen on the same bone. The defects 
extend to both tabulae and the diploe the observed lesion. An osteolytic process can 
be observed on the mandibula. in several ribs and in the vertebrae. 
By using a stereomicroscope or. especially, a scanning electronmicroscope we 
can observe that the defects on the vertex are notched, their edges are toothed. The 
lesions to be seen on the os occipitale and on the os frontale show on their edges a 
sclerotic formation of new bones (Fig. 4 and 5). 
On the postcranial skeleton, in the right os ilium we can observe larger (29x19 
mm) and in the vertebrae thoracales and lumbales smaller (5—7 mm) lesions. They 
have round shapes, notchcd edges. The lesions to be seen on the ribs penetrate 
through the cortical only in a diffuse manner (Fig. 6). Over the extensions of the 
cortical subtances we can see macroscopically and by scanning electronmicroscopes 
several spongiosa-like new bone tissues (Figures 7 and 8). 
The X-ray photographs show over the intact area of the os frontale a lesion 
localized to the diploe. On the right side os ilium we can see three destructions 
originating in separate foci similarly to the other finding of the Avar period 
described by R E G O L Y — M E R E I (1962). On the remains of the senile female from the 
grave Nr. 209, besides the lesions mentioned above, we can observe medially severe 
arthrosis deformans of both cubital articulations, a healed fracture of the right 
metacarpus 2 and an abcessus periapicalis and odontogenic fistula around the 
premolar 35. 
The bone reactions and the lesions localized to the diploe disclose the 
supposition of postmortal origin. On the basis of the age at death and the 
T H E OCCURRENCE OF BONE TUMORS IN THE ANTHROPOLOGICAL REMAINS 2 1 3 
F i g . 4 . L y t i c a r e a o l 4 x 7 m m o n o s o c c i p i l a l c ( 5 x J 
F i n d i n g N r . 8 3 3 8 . g r a v e N r . 2 0 9 . sen i le f e m a l e 
localisation both the metastatic carcinoma and the multiple myeloma are 
reasonable assumptions. The latter, however, can be abandoned based on the 
differring sizes of the lesions, on their sclerotic edges and on the formation of 
osteoplastic substances, respectively (ORTNER and PUTSCHAR. 1981). 
There are numerous kinds of primary tumors which can cause metastases in 
bones by haematogenic or lymphogenic diffusion. Most frequent of them are the 
metastases caused by mammary, prostatic, pulmonary, kidney and thyroid cancers 
(SPJUT et al., 1971). In the paleopathological examinations it is very difficult to 
make conclusions regarding the primary tumors because of lacking the soft tissues. 
According to the literary data the osteolytic-osteoplastic mixed metastases are 
mostly caused by mammary (SPJUT et al., 1971). mammary or prostatic (CSAKANY 
and FORRAI, 1984; BENDER. 1987) and pulmonary (ORTNER and PUTCHAR, 1981) 
cancers. In similar metastasis regards SCHULTZ (1986) in his work the prostatic 
carcinoma the probable cause. GRUPE (1988) presents very similar lesions on the 
pelvis and ribs of a 4 0 — 5 0 years old male. He assumes that those lesions are of 
bronchogenic origin, and supports his results with microelement analysis. In our 
case the sex of the examined individual discloses the possibility of prostatic cancer. 
We can make the possible assumption, indeed, that the senile female suffered a 
F i g . 5. A p a r i o f t he s c l e r o t i c edge l o be seen o n l i g . 4 . ( I N ( l x ) 
F i n d i n g N r . 8338 . g r a v e N r . 2 0 9 . sen i le f e m a l e 
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pulmonic or laryngeal cancer but the possibility of a mammary cancer can't be 
disclosed either. 
3rd case: grave Nr. 305 (number of finding: 11567). A fragmentary 
postcranial skeleton and a skull in a middling preservation belonging to an adult 
female. Numerous lytic lesions can be observed on the corpores of the vertebrae 
belonging to the upper thoracic region and on the ribs, respectively, as well as on the 
areas of caput and tuberculum costae. The sizes of the lesions are 2 - 1 1 mm, and 
because of their high number on a few vertebrae they take up the larger part of the 
substancia spongiosa (Fig. 9). Already a macroscopic examination clearly shows 
that a new compacta-like bone substance has been formed in the place of the original 
substancia spongiosa around the lytic areas. 
No other osteolytic or other pathologic changes can be seen on the skull or on 
the other bones of the postcranial skeleton. We can observe even traces of lytic foci 
extending to the substancia spongiosa on the X-ray photographs of the ribs (Fig 
10). 
The postmortal origin may be refused by a reasoning similar to that of the 2nd 
case. On the corpores of the vertebrae we can see that the intervertebral discus was 
not destroyed during the individual's life and. consequently, the spondylitis 
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tuberculosa can be disclosed. Similar pathography can be caused by multiple 
myeloma often localized to vertebrae and ribs either (CYBULSKI and PF.TT, 1981) 
but in those cases the edge of lysis is not in a phase of condensation and no sclerosis 
can be found around it (GLAUBER et al., 1980: OLÄH. 1987). At his age of life 
(25—35 years old) the occurrence probability of multiple myeloma is very slight 
(UHLIG. 1982). We have more data regarding the occurrence of metastatic 
carcinoma at younger ages although that disease more often occurs at older ages 
(ORTNER and PUTSCHAR. 1981; U H L I G . 1982). The destruction of vertebrae 
described in the 3rd case can far mostly compared to the lesions to be seen on the 
thoracal vertebrae of the 30—35 years old Pueblo Indian female (PM 59834) 
described by HOOTON in 1930 (STEINBOCK. 1976). 
Based on the character of the lytic foci, the sclerosis of the tabeculae and the 
localization, similarily to the case published by ORTNER and PUTSCHAR (1981) on 
the basis of the pathological anatomy's material (FPAM 5697), mammary 
carcinoma can be assumed as the probable cause. Because of the cystic character of 
the metastasis, a metastatic carcinoma of kidney or thyroid origin cannot be 
disclosed either (BENDER. 1987). 
21(1 G y . P a i h 
F i g . 7. O s t e o p l a s t i c m e t a s t a s i s o n r i b s u r f a c e ( I 4 x ) 
F i n d i n g N r . 8 3 3 8 . g r a v e N r . 2 0 9 , sen i le f e m a l e 
Conclusions 
During the paleopathological examinations of the late Avar period skeleton 
remains belonging to the Szekkutas cemetery in 16 cases was noticed the occurrence 
of neoplasms ( 3 , 0 8 % ) . That value does not differs significantly from 
GLADYKOWSKA-RZECZYCKA 'S data (1988). She mentions the occurrence of 
tumors regarding the 2584 skeleton remains found in Czechoslovakia in 60 cases 
( 2 . 3 % ) and regarding the 2666 skeletons found in Poland in 51 cases ( 1 . 9 % ) . 
The osteochondroma is the most frequent tumorous lesion of bones even in 
recent populations ( G L A U B E R et al, 1980). The frequency in paleopathology of the 
likewise frequent osteomas was experienced by K E L L F . Y in the different remains 
between 0.5 and 3 . 7 % (in: Z I M M E R M A N and K E L L E Y , 1982). 
We have emphasize among the tumorous lesions the occurrence of the three 
malign tumors. Their frequency in the sample of Szekkutas ( 0 . 5 7 % ) is very similar 
to the occurrence of malign neoplasms ( 0 . 5 9 % ) in the Avar period remains found in 
Backa-Topola ( F A R K A S and MARCS1K, 1979) but significantly lower than the 
occurrence experienced in the Egyptian sample ( 1 . 4 % ) published by STROUHAL and 
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VYHNANEK (1981 and 1987) and than the frequency observed by BLONDIAUX 
(1984) in the remains found in Northern France (4 ,1%) . 
The primary malign tumors occuring on the bones represent only 1 — 1 , 5 % of 
all the malign processes (ENDES, 1983). The metastatic bone tumors are. however, 
much more frequent: according to the clinical data 12—17% of the malign tumors 
can cause metastases in bones (STEINBOCK, 1976; ORTNER and PUTSCHAR. 1981). 
Taking the above-mentioned data into consideration and basing on the data 
referring to the present population, i. e. in 1986 20 ,31% of the death cases were 
caused by cancer in our country (ECKHARDT, 1989), one could expect the 
occurrence of metastases in the examined skeleton remains in a higher percentage. 
There are several assumptions to explain why the actual facts differ from these 
expectations: 
— the average lifetime of the Avar period population was lower than the 
lifetime for the time being, and the metastatic carcinoma usually developes at higher 
ages: 
: i s g > p a l h 
F i g . '). O s t e o l y t i c l e s i o n s o n .1 t h o r a c i c v e r t e b r a 
F i n d i n g N r . 11567. g r a v e N r . 3 0 5 . a d u l t f e m a l e 
F i g . 10. L y t i c f o c i o n the X-ray p h o t o g r a p h o l t h e r i b 
F i n d i n g N r . 11567 . g r a v e N r . 3 0 5 . a d u l t f e m a l e 
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— the well known cancerogenic environmental factors much less endangered 
the Avar population living 1200 years ago; 
because of the unfavorable and fragmentary preservation of the remains of 
Szekkutas several lesions might have remained undetectable during the 
examinations. 
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Abstract 
36 r e f e r e n c e p o i n t s a n d t w o c o n t o u r s o n h i s t o r i c a l a n t h r o p o l o g i c a l m a n d i b l e s , a n d m e t h o d s f o r t he 
d e t e r m i n a t i o n o f t h e i r d i m e n s i o n s , a r e r e p o r t e d . M e a s u r e m e n t s h a v e b e e n m a d e o n 528 m a n d i b l e s a n d 
w i l l be e v a l u a t e d f o r a c o m p u t e r d a t a b a n k . T h e m e a s u r e m e n t d a t a w i l l b e c l a s s i f i e d a n d a v e r a g e d b y 
c o m p u t e r a n d w i l l be used f o r t h e p l a n n i n g o f a ser ies o f m a n d i b u l a r r e p l a c e m e n t s . M a n d i b l e s w i t h 
a v e r a g e sizes w i l l be se lec ted f r o m a n a n t h r o p o l o g i c a l l y p r o c e s s e d c o l l e c t i o n , a n d i m p r e s s i o n s o f these 
t a k e n f o r t he p r e p a r a t i o n o f w a x m o d e l s , t h e final r e f i n e m e n t s o f w h i c h w i l l g i v e t h e a c t u a l ser ies o f 
m a n d i b u l a r p r o s t h e s e s . T h e d a t a b a n k m a y a l s o b e used f o r t h e p l a n n i n g o f d e n t a l i m p l a n t s b e t t e r f i t t i n g 
the a n a t o m i c a l c o n d i t i o n s . A c c o r d i n g l y , t h e p r a c t i c a l a i m s a n d m e t h o d o l o g i c a l c o n s i d e r a t i o n s f o r t h e i r 
a c h i e v e m e n t a r e r e p o r t e d i n the p r e s e n t a r t i c l e , w h i l e t h e resu l t s w i l l be d i s c u s s e d i n a s u b s e q u e n t p a p e r . 
Key words: H u m a n s k u l l s , m a n d i b u l a r d i m e n s i o n s , m e a s u r e m e n t d e v i c e s , c o m p u t e r d a t a , m a n d i b u l a r 
p r o s t h e s e s . 
Introduction 
Surgical correction of the facial deformities occurring in the maxillo-facial 
region often necessitates the utilization of mandibular replacements. Different 
biotolerant materials, e.g. metals, A1203 ceramics, etc.. play a more and more 
important part in the rehabilitation of mandibular deficiencies and deformities due 
to tumor or trauma. For the planning and preoperative preparation of mandibular 
prostheses made from bioinert materials, it is of great advantage to determine the 
mandibular dimensions of a large sample of skulls of different age and sex from an 
anthropologically processed collection. 
Following the measurement and computer data processing of the precisely 
determined dimensions, it is possible to prescribe, with the help of statistical 
methods, a series of mandibular condyle and corpus prostheses. 
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Materials and methods 
528 w e l l - p r e s e r v e d . E u r o p e a n . 8 l h — I 6 l h < e n l u r y A . D . s k u l l s w i l h i n t a c t m a n d i b l e w e r e e v a l u a t e d 
f r o m the a n t h r o p o l o g i c a l l y p rocessed c o l l e c t i o n o f t h e D e p a r t m e n t o f A n t h r o p o l o g y . A . J. U n i v e r s i t y . 
Szeged. C a r e f u l s a m p l e se lec t i on w a s m a d e t o f a c i l i t a t e the c r e a t i o n o f an i n f o r m a t i v e c o m p u t e r d a t a base 
s u i t a b l e f o r m e d i c a l b i o m é t r i e p r o c e s s i n g ( F a r k a s . 1968; JUVANCZ, 1970; B f k y . 1971). 
F o r c l a s s i f i c a t i o n o f t h e d i m e n s i o n s o f t h e m a n d i b l e s , t h e f o l l o w i n g m e a s u r e m e n t s w e r e c o n s i d e r e d 
i m p o r t a n t f o r t h e p l a n n i n g o f m a n d i b u l a r p ros theses : 
1. T h e i n f r a d e n t a l c ( i d ) g n a t h i o n ( g n ) h e i g h t ( M a r t i n n o . 69 ) ( M 6 9 . F ig . I ) . 
2 . T h e h e i g h t o f t h e c o r p u s m a n d i b u l a e f r o m t h e l o w e r e d g e o f t h e m a n d i b u l a r b a s e t o t h e 
a l v e o l a r m a r g i n , o n t h e le f t a n d r i g h t s ides, m e a s u r e d i n the ax i s o f 12. p e r p e n d i c u l a r l y t o t h e base ( Î2h 
a n d 2 l h ; see 2 l h in F i g . I ) . 
3. T h e h e i g h t o f t h e c o r p u s m a n d i b u l a e f r o m the l o w e r edge o f t h e m a n d i b u l a r base t o t h e 
" a n d r i g h t s ides, m e a s u r e d i n the ax i s o f P I . p e r p e n d i c u l a r l y t o t h e base ( Î4h 
4. T h e d i s t a n c e o f t h e l o w e r edge o f the m a n d i b u l a r base f r o m the a l v e o l a r m a r g i n i n i h e ax i s o f 
the left a n d right M l . p e r p e n d i c u l a r l y t o t h e base ( l 6 h a n d ¿1 h : see 6 l h i n F i g . 1). 
5. T h e a n g l e o f i n c l i n a t i o n o f t h e f r o n t a l su r face o f t h e a l v e o l a r p rocess o f t h e m a n d i b l e t o t h e 
s t r a i g h t l i ne p e r p e n d i c u l a r t o t h e F r a n k f u r t h o r i z o n t a l p l a n e m e a s u r e d w i t h a g o n i o m e t e r f o l l o w i n g 
r e c o n s t r u c t i o n o f t h e o c c l u s a l r e l a t i o n , fixation o f t h e m a n d i b l e t o t h e s k u l l a n d s e t t i n g o f t h e F r a n k f u r t 
h o r i z o n t a l p lane : f r o m t h e a l v e o l a r edge t o t h e a p i c a l p a r t o f t h e r o o t , o n the le f t a n d r i g h t s ides, i n t h e ax i s 
o f 12 ( i 2 a a n d 2 l a ; see (2a i n F i g . 8). 
6. T h e a n g l e o f i n c l i n a t i o n o f the f r o n t a l su r face o f t h e a l v e o l a r p rocess o f the m a n d i b l e t o t h e 
s t r a i g h t l i ne p e r p e n d i c u l a r t o t h e F r a n k f o r t h o r i z o n t a l p l a n e , m e a s u r e d f r o m t h e a l v e o l a r edge t o ihe 
a p i c a l p a r t o f the r o o t , o n t h e l e f t a n d right s ides, i n the ax is o f P I ( | 4 a a n d 4l a ; see R a i n F i g . 8). 
7. T h e d i s t a n c e o f t h e p r o t r u d i n g edge o f the c h i n f r o m the s t ra igh t l ines l a i d o n t h e p o s t e r i o r 
m a r g i n s o f t h e t w o g o n i o n s ( M a r t i n no . 6 8 ) ( M 6 8 . F ig . 2). 
8. T h e m a n d i b u l a r a n g l e ( M a r l i n no . 79 ) ( M 7 9 , F ig , 2). 
9. T h e r a m u s h e i g h t : r e c t i l i n e a r d i s t a n c e o f the g o n i o n ( g o ) f r o m t h e h ighest p o i n t o f t h e 
c a p i t u l u m m a n d i b u l a e ( M a r t i n n o . 70 ) ( M 7 0 , F i g . 2 ) . 
10. T h e a l v e o l a r b e n d o f the m a n d i b u l a r ridge, m a r k e d i n the m i d d l e o f (he l o w e r j a w r i d g e 
be tween the t w o m o s t m e d i a l p o i n t s o f t h e f o r a m e n m e n t a l e o n b o t h sides, p r o j e c t e d a t r i g h t a n g l e s t o the 
a l v e o l a r ridge ( m l . F i g . 17). 
11. T h e a l v e o l a r b e n d o f t h e m a n d i b u l a r ridge, m a r k e d i n t h e m i d d l e o f the l o w e r j a w r i d g e , 
be tween t h e c e n t e r l i n e a n d t h e t w o m o s t m e d i a l p o i n t s o f t h e f o r a m e n m e n t a l e o n b o t h sides, p r o j e c t e d at 
right ang les t o t h e a l v e o l a r r i d g e ( m i s a n d m i d . F ig . 17). 
12. T h e r a d i i o f the c i r c les best fitting t h e a l v e o l a r b e n d o f t h e m a n d i b u l a r r i dge , o n t h e le f t a n d 
r i g h t s ides, m e a s u r e d b e t w e e n the m i d l i n e a n d the t w o m o s t m e d i a l p o i n t s o f t h e f o r a m i n a m e n t a l e 
p r o j e c t e d at r i g h t ang les t o t h e a l v e o l a r r i d g e ( m r s a n d m r d . F i g . 18). 
13. T h e greatest w i d t h o f t h e c o r p u s m a n d i b u l a e at the h e i g h t o f the f o r a m i n a m e n t a l e . m e a s u r e d 
i n t h e ax i s o f t h e s y m p h y s i s m a n d i b u l a e ( 6 9 f 0 , F ig . 3). 
14. T h e greatest w i d t h o f the c o r p u s m a n d i b u l a e at t h e h e i g h t o f the f o r a m e n m e n t a l e . m e a s u r e d i n 
the ax is o f the le f t a n d r i g h t 12 ( 1 2 1 0 a n d 2l ( 0 : see 51 ( 0 i n F i g . 4 ) . 
15. T h e greates t w i d t h o f t h e c o r p u s m a n d i b u l a e at t h e h e i g h t o f the f o r a m e n m e n t a l e . m e a s u r e d i n 
the ax is o f the le f t a n d r i g h t P I ( [ 4 f 0 a n d 4l f 0 : see ?1 f 0 i n F i g . 5). 
16. T h e greates t w i d t h o f i h e c o r p u s m a n d i b u l a e at the h e i g h t o f the f o r a m e n m e n t a l e . m e a s u r e d in 
the ax is o f t h e le f t a n d r i g h t 0 1 ( [ 6 1 0 a n d 6) f 0 ; sec 6 l f 0 i n F i g . 6). 
17. T h e base w i d t h o f the m a n d i b l e , m e a s u r e d a t a d i s t a n c e o f a b o u t 3 m m f r o m t l .e base, i n t h e ax i s 
o f t h e m i d l i n e be tween t h e t w o I I ( 6 9 b 0 . F ig . 3). 
18. T h e base w i d t h o f the m a n d i b l e , m e a s u r e d a t a d i s t a n c e o f a b o u t 3 m m f r o m t h e base, i n t h e ax i s 
o f t h e le f t a n d right 12 ( ^ 2 b 0 a n d 2 l b 0 : sec 2l b 0 in F ig . 4 ) . 
19. T h e base w i d t h o f t h e m a n d i b l e , m e a s u r e d a t a d i s tance o f a b o u t 3 m m f r o m the base, i n t h e ax i s 
o f the le f t a n d r i g h t P I ( I 4 b 0 a n d 4l b 0 ; sec 4l b 0 i n F ig . 5). 
R e f e r e n c e v a l u e s o n h i s t o r i c a l a n t h r o p o l o g i c a l s k u l l s a m p l e s 223 
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20. T h e base w i d t h o f t h e m a n d i b l e , m e a s u r e d at a d i s t a n c e o f 3 m m f r o m the base , i n t h e a x i s o f t h e 
le f t a n d r i g h t 0 1 ( Í 6 b 0 a n d 6 l b 0 ; see 6 l b 0 i n F i g . 6 ) . 
21 . T h e base c o n t o u r o f t h e m a n d i b l e ( F i g . I 2 B ) . 
22. T h e l a t e r a l c o n t o u r o f t he m a n d i b l e ( F i g . I 2 C ) . 
23 . T h e g rea tes t t r a n s v e r s a l d i a m e t e r o f t h e le f t a n d r i g h t c a p i t u l u m m a n d i b u l a e ( C t 0 s a n d C t O d ; 
see C t 0 d in F i g . 7) . 
24 . T h e g rea tes t s a g i t t a l d i a m e t e r o f t h e le f t a n d right c a p i t u l u m m a n d i b u l a e ( C s 0 s a n d C s 0 d : see 
C s 0 d i n F i g . 2) . 
25 . T h e t r a n s v e r s a l d i a m e t e r o f t h e c o l l u m m a n d i b u l a e at t he h e i g h t o f t h e s a g i t t a l d i a m e t e r , 
m e a s u r e d p e r p e n d i c u l a r l y t o i t o n t h e le f t a n d r i g h t s ides ( C o t 0 s a n d C o t 0 d : see C o t 0 d i n F i g . 7) . 
26 . T h e s m a l l e s t s a g i t t a l d i a m e t e r o f t he c o l l u m m a n d i b u l a e o n the le f t a n d r i g h t s ides ( C o s 0 s a n d 
C o s 0 d : see C o s 0 d i n F i g . 2 ) . 
2 7 . T h e d i s t a n c e b e t w e e n the h i g h e s t p o i n t o f t h e c a p i t u l u m m a n d i b u l a e a n d the l o w e s t p o i n t o f t h e 
f o r a m e n m a n d i b u l a e o n the le f t a n d r i g h t s ides ( C f s a n d C f d ; see C f d i n F i g . 4 ) . 
28 . T h e w i d t h o f t h e r a m u s m a n d i b u l a e . o n t h e left a n d right s ides, m e a s u r e d a t t he h e i g h t o f t h e 
l o w e s t p o i n t o f t he f o r a m e n m a n d i b u l a e ( R s z s a n d R s z d ; sec R s z d i n F i g . 3) . 
29 . T h e t r a n s v e r s a l w i d t h o f t h e d o r s a l s i d e o f t he r a m u s m a n d i b u l a e . o n t h e le f t a n d r i g h t s ides , a t 
t he h e i g h t o f t h e f o r a m e n m a n d i b u l a e ( R v s a n d R v d ; see R v d i n F i g . 7) . 
30 . T h e r e c t i l i n e a r d i s t a n c e o f t he f o r a m e n m a n d i b u l a e f r o m t h e d o r s a l s ide o f t h e r a m u s 
m a n d i b u l a e . m e a s u r e d at r i g h t a n g l e s o n the le f t a n d r i g h t s ides ( F r s a n d F r d : see F r d i n F i g . 4 ) . 
31. T h e l e n g t h o f t h e e x t e r n a l a r c o f t he m a n d i b u l a r base c o n t o u r o n the le f t s ide b e t w e e n the c c n t c r 
l i n e a n d the m o s t m e d i a l p o i n t o f t h e f o r a m e n m e n t a l e . p r o j e c t e d at r i g h t a n g l e s t o t h e e x t e r n a l a r c ( I f k s . 
F i g . 19). 
32. T h e r a d i u s o f t h e c i r c l e t h a t best fits t h e a b o v e a r c l e n g t h ( r f k s . F i g . 2 0 ) . 
33. T h e l e n g t h o f t he e x t e r n a l a r c o f t h e m a n d i b u l a r b a s e c o n t o u r o n t h e le f t s i d e b e t w e e n the m o s t 
m e d i a l p o i n t o f t h e f o r a m e n m e n t a l e . p r o j e c t e d at r i g h t a n g l e s t o the e x t e r n a l a r c . a n d t h e e x t r e m i t y o f t he 
e x t e r n a l a r c ( l v k s . F i g . 19). 
34 . T h e r a d i u s o f t h e c i r c l e t h a t bes t fits t he a b o v e a r c l e n g t h ( r v k s . F i g . 2 0 ) . 
35 . T h e l e n g t h o f t h e i n t e r n a l a r c o f t h e m a n d i b u l a r b a s e c o n t o u r o n t h e le f t s ide b e t w e e n t h e c e n t e r 
l i n e a n d the m o s t m e d i a l p o i n t o f t h e f o r a m e n m e n t a l e . p r o j e c t e d at r i g h t a n g l e s t o t h e i n t e r n a l a r c ( I f b s , 
F i g . 19). 
36 . T h e r a d i u s o f t h e c i r c l e t h a t best fits t he a b o v e a r c l e n g t h ( r f b s . F i g . 2 0 ) . 
37 . T h e l e n g t h o f t he i n t e r n a l a r c o f t he m a n d i b u l a r base c o n t o u r o n t h e le f t s ide b e t w e e n the m o s t 
m e d i a l p o i n t o f t h e f o r a m e n m e n t a l e . p r o j e c t e d at r i g h t a n g l e s t o t h e i n t e r n a l a r c . a n d t h e e x t r e m i t y o f t h e 
i n t e r n a l a r c ( I v b s . F i g . 19). 
38 . T h e r a d i u s o f t he c i r c l e t h a t best fits t he a b o v e a r c l e n g t h ( r v b s . F i g . 2 0 ) . 
A n t h r o p o l o g i c a l l y d e f i n e d a n a t o m i c a l p o i n t s a n d e x p e r i e n c e e m e r g i n g f r o m p r e v i o u s s t u d i e s o f t h e 
l o w e r j a w w e r e e m p l o y e d f o r t h e b e t t e r c o m p a r i s o n a n d c l a s s i f i c a t i o n o f t h e m e a s u r e m e n t s o f t h e h u m a n 
m a n d i b l e s ( T Ö R Ö K . 1890. 1898. 1899: SOMOGYI . 1953: M A R T I N a n d SALLER. 1957: B E R N A U a n d K Ö N I N G . 
1968; M O O R E e l a l . . 1968; FAGOS e l a l . . 1973) . 
T h e d i m e n s i o n s w e r e d e t e r m i n e d w i t h a n t h r o p o m e t r i c i n s t r u m e n t s , e .g . s l i d e g a u g e , c a l i p e r s , 
g o n i o m e t e r , m a n d i b u l o m c t e r ( M A R T I N a n d SALLER. 1957: F A R K A S , 1972), e tc . in t h e f o l l o w i n g w a y : 
a ) C e l l u l o i d t r a n s p a r e n c i e s w e r e p r e p a r e d f o r t he e v a l u a t i o n o f the a l v e o l a r b e n d o f t h e m a n d i b u l a r 
r i d g e a n d f o r t h e s i m u l t a n e o u s r e c o r d i n g o f t he a c q u i r e d m e a s u r e m e n t d a t a . S h o r t d e s i g n a t i o n s o f t h e 
d i m e n s i o n s w e r e m a r k e d o n t h e t r a n s p a r e n c i e s ( F i g . 9 a n d 11) . w h i l e t h e i d e n t i f y i n g d a t a , r e g i s t r a t i o n 
n u m b e r , age . sex. s t o r a g e s i te. e tc . w e r e r e c o r d e d o n f o i l sheets a t t a c h e d t o t h e m ( F i g . 10 a n d 12). F i g u r e 
13 s h o w s the d e t e r m i n a t i o n o f t h e a l v e o l a r b e n d o f t h e l o w e r j a w ridge T h e m a n d i b l e t o be m e a s u r e d w a s 
fixed i n a m a n d i b u l o m e t e r , t h e t r a n s p a r e n c y w i t h a f o i l sheet w a s p l a c e d o n the m a n d i b u l a r r i d g e , a n d t h e 
a r c h w a s s i m p l y m a r k e d w i t h a p e r m a n e n t p e n . 
b ) T h e l e n g t h o f a p a r t o f t he a l v e o l a r b e n d w a s d e t e r m i n e d w i l h a s i m p l e d e v i c e . T h i n s tee l w i r e w a s 
passed t h r o u g h a d i s p o s a b l e h y p o d e r m i c n e e d l e , t h e m a j o r p a r t o f w h i c h h a d p r e v i o u s l y b e e n c u t o f f . a n d 
the e n d o f t he w i r e w a s m a r k e d w i t h a c r o s s . T h e c r o s s m a r k w a s fitted to t h e o r i g i n o f t h e a r c h , t h e flexible 
w i r e w a s l a i d o n t h e b e n d , a n d t h e c o n e o f t h e need le was s l i d t o t h e e x t r e m i t y ( F i g . 14). T h e w i r e w a s t h e n 
s t r a i g h t e n e d o u t a n d the l e n g t h o f t h e a r c h w a s r e a d o f f a sca le p a p e r . 
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c ) T h e r a d i u s o f t h e c i r c l e bes t filling a p a r i o l " a n a r c h w a s g i v e n w i t h I w o o t h e r h o m e - m a d e 
t r a n s p a r e n c i e s . T h e b i s e c t o r s o f t h e s q u a r e m e a s u r i n g d e v i c e s w e r e m a r k e d w i t h a m m s c a l e . T h e u p p e r 
e d g e o f o n e o f t h e t r a n s p a r e n c i e s w a s p l a c e d as t a n g e n t t o t h e o r i g i n o f t h e a r c h ( F i g . 15) . w h i l e t h e o t h e r 
w a s s i m i l a r l y l a i d t a n g e n t i a l l y t o t h e e x t r e m i t y ( F i g . 16) A t t h e i n t e r s e c t i o n o f t h e b i s e c t o r s , t h e i r l e n g t h s 
w e r e r e a d o f f t h e m m sca les a n d a v e r a g e d , a n d t h i s a v e r a g e w a s t a k e n as t h e r a d i u s o f t h e c i r c l e t h a t b e s t 
f i t s t h e a l v e o l a r r i d g e . S p e c i a l t r a n s p a r e n c i e s a r e o f t e n u s e d i n m a n y fields o f c l i n i c a l p r a c t i c e , e .g . 
O r t h o g r i d s i n o r t h o d o n t i c s f o r o b t a i n i n g r a p i d m e a s u r e m e n t s f r o m a c c p h a l o m e t r i c r a d i o g r a p h 
( M C E W E N a n d M A R T I N . 1 9 6 7 ) . 
T w o m a n d i b u l a r c o n t o u r s w e r e e s t a b l i s h e d : 
d ) T h e m a n d i b l e t o b e e x a m i n e d w a s p l a c e d o n a p i e c e o f g r a p h p a p e r a n d w a s p r e s s e d d o w n a t t h e 
p r e m o l a r - m o l a r r e g i o n w i t h t h e l e f t h a n d . T h e b a s e o f t h e m a n d i b l e w a s f o l l o w e d p r e c i s e l y , a n d t h e 
c o n t o u r w a s s i m p l y d r a w n w i t h a s h a r p p e n c i l w i t h t h e r i g h t h a n d . T h e c e n t e r l i n e a n d I h e f o r a m i n a 
m e n t a l e w e r e m a r k e d a n d t h e c o n t o u r w a s a l s o c o p i e d o n t o t h e f o i l r e c o r d f o r e x a m i n a t i o n ( F i g . 1 2 B ) . 
e ) A c a m e r a a n d a c e p h a l o s t a t ( P O N Y I a n d N Y I L A S I . 1 9 7 1 ) w e r e u s e d f o r t h e d e t e r m i n a t i o n o f t h e 
o l h e r m a n d i b u l a r c o n t o u r . W i t h r e g a r d t o I h e o c c l u s a l r e l a t i o n s , t h e m a n d i b l e w a s t a p e d t o t h e s k u l l a n d 
a 10 c m p i e c e o f c o p p e r w i r e w a s fixed t o t h e m a n d i b u l a r c o r p u s . T h e s k u l l w a s p l a c e d i n i h e c e p h a l o s t a t 
a n d . f r o m a d i s t a n c e o f 152 c m . t h e m e a s u r i n g d i s t a n c e o f l a t e r a l c e p h a l o g r a m s . a l a t e r a l p h o t o g r a p h w a s 
t a k e n w i t h a 135 m m t e l e o b j e c t i v e ( F i g . 2 1 ) . A f t e r p r o c e s s i n g o f t h e film. I h e n e g a t i v e w a s p u t i n a n 
e n l a r g c r a n d I h e p i c t u r e w a s e n l a r g e d w i t h i h e h e l p o f i h e 10 c m c o p p e r w i r e t o I : I s i ze . T h e c o n t o u r w a s 
d r a w n o n g r a p h p a p e r a n d w a s c o p i e d o n t o t h e f o i l r e c o r d f o r e x a m i n a t i o n , t o o ( F i g . I 2 C ) . T h e l a t e r a l 
m a n d i b u l a r c o n t o u r s a c h i e v e d i n t h i s w a y w i l l l a t e r b e u s e d f o r c o m p a r i s o n w i t h t h o s e o f X - r a y 
c e p h a l o g r a m s t o d e r i v e f u r t h e r m e a s u r e m e n t d a t a ( N I T S C H E a n d V A L Y I . 1 9 5 5 : S A V A R A e t a ) . . 1 9 6 6 ) . 
f ) F o r t h e m e a s u r e m e n t o f t h e a n g l e o f i n c l i n a t i o n o f t h e f r o n t a l s u r f a c e o f I h e a l v e o l a r p r o c e s s o f 
I h e m a n d i b l e , a c r a n i o p h o r e . a p o s i t i o n e r n e e d l e a n d a g o n i o m e t e r w e r e u s e d . O n l y t h o s e s k u l l s a m p l e s 
w e r e e x a m i n e d i n w h i c h t h e d e n t i t i o n w a s s a t i s f a c t o r i l y i n t a c t f o r fixation o f t h e m a n d i b l e t o t h e s k u l l 
w i t h r e g a r d t o t h e a c c u r a t e o c c l u s a l r e l a t i o n . T h e s k u l l w a s s t a b i l i z e d i n t h e c r a n i o p h o r e . i t w a s set i n t h e 
F r a n k f u r l h o r i z o n t a l p l a n e w i t h t h e p o s i t i o n e r , a n d t h e m e a s u r e m e n t s w e r e m a d e w i t h t h e g o n i o m e t e r 
( F i g . 2 2 ) . T h e a l v e o l a r e d g e s o f t h e u p p e r a n d l o w e r j a w r i d g e s a n d the f r o n t a l s u r f a c e s o f t h e a l v e o l a r 
p r o c e s s e s a t t h e h e i g h t o f t h e a p i c a l p a r t o f t h e d e n t a l r o o t s , i n t h e a x e s o f t h e u p p e r a n d l o w e r 12 a n d t h e 
l o w e r P I o n b o t h s i d e s , w e r e e s t a b l i s h e d as t h e m e a s u r i n g p o i n t s o f t h e a n g l e o f i n c l i n a t i o n . T h e a n g l e s 
w e r e m e a s u r e d t o t h e s t r a i g h t l i n e p e r p e n d i c u l a r t o t h e F r a n k f u r t h o r i z o n t a l p l a n e . A n g l e s a n t e r i o r t o t h i s 
s t r a i g h t l i n e w e r e t a k e n as p o s i t i v e , a n d t h o s e p o s t e r i o r t o i t as n e g a t i v e . 
C l a s s i f i c a t i o n o f t h e m e a s u r e d d i m e n s i o n s a n d p e r c e n t a g e f r e q u e n c y a n a l y s i s w e r e p e r f o r m e d b y 
c o m p u t e r . T h e m e a s u r e m e n t d a t a w e r e t h e n d i s p l a y e d i n c h a r t s , a n d t h e c lass m e d i a n s a n d t h e i r 
p e r c e n t a g e d i s t r i b u t i o n r e p r e s e n t i n g t h e s a m p l e w e r e a l s o c a l c u l a t e d . 
Discussion 
On the basis of the determined mandibular dimensions, the preparation of wax 
models of mandibular replacements is planned, with average sizes equal to the class 
medians. With the help of the created computer database, that number of mandibles 
required in the replacement series, with dimensions corresponding to the averages 
for the class medians, are to be chosen from the anthropologically processed 
collection of the Department of Anthropology. A. J. University. Szeged. 
Impressions will then be taken from the selected mandibles for the preparation of 
wax models. Final refinement of these, according lo the calculated average 
dimensions, will give the actual replacement series. 
The most up-to-date procedure known for the planning of mandibular 
replacements is three-dimensional CT imaging and subsequent computer modeling 
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(LOBREGT and SCHAARS, 1987: TANAKA et al., 1988), which is today very costly 
and frequently inaccessible. 
Our method, however, offers an alternative possibility for predetermination of 
the dimensions of factory-produced mandibular prostheses. A knowledge of the 
percentage distributions of the measurement data facilitates stipulation of the 
numbers of the various types of mandibular replacement to be produced. 
The future broadening of our computer databank is planned, utilization of 
which is equally valuable for scientific studies of. for example, the differences 
between the dimensions of the left and right sides, the two sexes, the dimensions of 
skulls from different historical periods and different archeological sites, etc., and for 
practical aims. Apart from the planning of mandibular replacements, the 
measurement data provide information that is of great value for the planning of 
dental implants better fitting the anatomical conditions of the jaws. 
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SHORT COMMUNICATION 
AMINO ACID PRODUCTION ACCOMPANYING GLUTATHIONE 
SYNTHESIS BY IMMOBILIZED SACCHAROMYCES CEREVISIAE CELLS 
M . Á B R A H Á M . B . P O L Y Á K , P. P A P P A N D B. SZAJÁNI 
Department of Biochemistry. Attila József University. 
H—6701 Szeged. P. O. B. 533. Hungary 
( R e c e v i e d : O c t o b e r 3 1 . 1988) 
Abstract 
T h e g l u t a t h i o n e s y n t h e s i s o f Saccharomyces cerevisiae ce l ls e n t r a p p e d i n p o l y a c r y l a m i d e gel w a s 
f o u n d t o be a c c o m p a n i e d b y a m i n o a c i d p r o d u c t i o n a s a c o n s e q u e n c e o f t h e i m m o b i l i z a t i o n , a p a r t i a l 
re lease o f t h e a m i n o a c i d p o o l w a s a l s o o b s e r v e d . 
Key words: i m m o b i l i z e d ce l ls , g l u t a t h i o n e p r o d u c t i o n , a m i n o a c i d 
Introduction 
Immobilized microbial cells containing the intact enzyme system of glycolysis 
are able to regenerate ATP for the synthesis of glutathione ( M U R A T A et al., 1978). 
The entrapment of Saccharomyces cerevisiae cells in polyacrylamide gel caused a 
change in the membrane permeability ( M U R A T A et al., 1981). Glutathione and 
NAD4 were released from the cells, but ATP was retained. By the addition of 
NAD*, the ATP regenerating system was completed and the ATP produced served 
as energy donor for the continuous production of glutathione. We have detected a 
significant quantity of different amino acids released together with glutathione 
owing to de novo synthesis, as well as a partial release of the amino acid pool. 
Materials and methods 
C U L T I V A T I O N A N D IMMOBIL IZATION. S. cerevisiae s t r a i n I F O 2044 w a s o b t a i n e d f r o m t h e I n s t i t u t e 
o f F e r m e n t a t i o n . O s a k a . J a p a n . C e l l s w e r e c u l t i v a t e d a n d e n t r a p p e d in p o l y a c r y l a m i d e ge l a c c o r d i n g t o 
M U R A T A et a l . ( 1 9 8 1 ) . 
ASSAY OF G L U T A T H I O N E A N D A M I N O A C I D PRODUCTION. 1.2 g o f gel p a r t i c l e s c o n t a i n i n g 0 . 5 g o f ce l l s 
w a s i n c u b a t e d in 2 0 m l o f t he c u l t u r e m e d i u m s u g g e s t e d b y M U R A T A et a l . ( 1 9 8 1 ) a t 3 0 C f o r 24 h o u r s w i t h 
c o n t i n u o u s s h a k i n g . A t a p p r o p r i a t e t i m e s . 0 .5 m l o f s a m p l e w a s r e m o v e d a n d the c o n c e n t r a t i o n s o f 
r e a c t a n t s a n d p r o d u c t s w e r e d e t e r m i n e d . 
G l u t a t h i o n e a n d a m i n o a c i d s w e r e m e a s u r e d b y q u a n t i t a t i v e t h i n - l a y e r c h r o m a t o g r a p h y o n 
K i e s e l g e l 6 0 F 2 5 4 c h r o m a t o p l a t e s ( M e r c k A G . D a r m s t a d t . F R G ) ( A B R A H A M et a l . . 1983) . T h e s p o t ' s w e r e 
d e t e c t e d i n T e l e c h r o m O H — 9 7 4 v i d e o d e n s i t o m e t e r ( C h i n o i n . B u d a p e s t , H u n g a r y ) . E t h a n o l w a s 
d e t e r m i n e d b y g a s c h r o m a t o g r a p h y , u s i n g a C h r o m 4 G C c h r o m a t o g r a p h ( L a b o r a t o r n i P r i s t r o j e P r a g u e . 
C z e c h o s l o v a k i a ) e q u i p p e d w i t h a flame i o n i z a t i o n d e t e c t o r a n d a P o r a p a k Q ( 8 0 — 1 0 0 m e s h ) c o l u m n . 
N i t r o g e n w a s used as a c a r r i e r gas a n d m e t h a n o l as a n i n t e r n a l s t a n d a r d . 
232 M . A b r a h a m . B. P o l y a k , P Papp a n d B. S z a j a m 
Results and discussion 
A mixture containing the glutathione constituent amino acids (i. e. glycine, 
glutamic acid and cysteine) in equimolar quantities was incubated with S. cerevisiae 
cells entrapped in polyacrylamide gel. Besides glutathione and the glutathione 
constituent amino acids, aspartic acid, alanine, glutamine and serine were detected 
in the reaction mixture (Table 1). 
luble I. Release o f m e t a b o l i t e s a n d a m i n o a c i d p o o l f r o m S. cerevisiae ce l l s i m m o b i l i z e d i n 
p o l y a c r y l a m i d e gel 
I n c u b a t i o n E t h a n o l G l u t a t h i o n e A s p A l a G i n S e r 
t i m e ( h r ) ( u m o l ) ( u m o l ) ( u m o l ) ( u r a o ! ) ( u m o l ) ( u m o l ) 
0 53 0 4 0 0 0 — 
2 174 2 56 56 6 0 6 
4 347 9 3 4 100 110 12 
8 1346 13 34 132 136 4 0 
24 5646 14 34 192 176 6 0 
On this basis it was assumed that the cell membrane became permeable for 
glutathione and for certain amino acids as a consequence of the immobilization. 
Aspartic acid was released before the start of fermentation. Its concentration in the 
effluent remained relatively high and constant during a fairly long period. The 
concentrations of glutathione, alanine, glutamine and serine increased in parallel 
with the concentration of ethanol, showing the connection between the synthesis as 
energy consumer and the glycolysis as energy supplier. The synthesis of alanine, 
glutamine and serine presumably requires a lower ATP level than does the peptide 
synthesis. Aspartic acid was released from the amino acid pool of the damaged cells, 
but its synthesis could not be excluded. 
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M . KEDVES A N D I. KINCSEK 
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Gyula Juhász High School. H—6701, P. O. B. 396 Szeged. Hungary 
( R e c e i v e d : J a n u a r y 20 . 1989) 
The effect of high temperature on the sporopollenin during fossilization was 
first recognized by KlRCHHElMER (1933a. b, 1935). Several results of experimental 
studies on this subject were published later; e. g.: SENGUPTA and ROWLEY (1974), 
PIÉRART (1978). ROWLEY et al. (1981). In our researches on the partial degradation 
of the plant cell wall high temperature as one experimental factor was also used. 
These experiments are in connection with the colour changes of the sporomorphs, 
which are useful indicators in the reconstruction of the paleoenvironment during 
sedimentation. Cf.: WILSON (1971). M C I N T Y R E (1972). G R A Y and BOUCOT (1975). 
M A N U M et al. (1977). Our investigation material was frozen at —20 "C after 
collection. Pollen grains of Beittla verrucosa L., (Fig. 1—12), Corylus avellana L. 
(Fig. 13—24). Carpinus betulus L. (Fig. 25—32) and Juglans nigra L. (Fig. 33—39) 
were the subjects of our first experiments. From each species investigated 5 mg 
pollen material were measured five times. Temperature: +200 °C. lenght of time: 1. 
2. 3. 4, 5. hours. The slides for light microscope investigations were prepared in 
glycerine-jelly hydrated of 39.6 per cent. Among the first results changes in the 
laxonomically important morphological characteristic features are summarized as 
follows: 
1. The effect of +200 "C temperature may essentially change the basic 
morphological characteristic features of the pollen grains. This phenomenon was 
first observed at the triaperturate angiosperm pollen grains, as Bciula verrucosa L. 
(Fig. 3—12) and Corylus avellana L. (Fig. 15—24). It is to be seen that the secondary 
morphological characteristic features are similar or identical to those of the early 
brevaxonate pollen grains of the European Upper Cretaceous ( = Normapolles 
Group). Not so characteristic changes were observed at the pollen grains of 
Carpinus betulus L. (Fig. 27—32). Fig. 30 may be emphasized in this respect. It is 
interesting that no qualitative change al the pollen grains of Juglans nigra L. were 
observed (Fig. 34—39). 
2. The morphological characteristics which appeared in consequence of high 
temperature are useful to solve phylogenetical and taxonomical problems. In this 
respect the pollen grains of Be tula and Corylus may de derived from early 
brevaxonate early angiosperm of Upper Cretaceous type. 
Detailed elaboration of these data is in progress, similarly further experiments 
on subsequent taxa. 
M K e d v e s a n d I . K i n c s e k 
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Fig. 1—12. Be in la verrucosa L. 
1.2. P o l l e n g r a i n w i t h o u t p r e p a r a t i o n o r e x p e r i m e n t . 3 — 1 2 . P o l l e n g r a i n s a f t e r h e a t i n g at + 200 " C . 
3.4. L e n g t h o f t i m e : 1 h o u r . 5.6. L e n g h t o f t i m e : 2 h o u r s . 7 .8 . L e n g h t o f t ime: 3 h o u r s . 9 ,10. L e n g t h o f 
t i m e : 4 h o u r s . 11.12. L e n g t h o f t i m e : 5 h o u r s . 
Fig. 13—24. Corylus avellana L. 
13.14. P o l l e n g r a i n w i t h o u t p r e p a r a t i o n o r e x p e r i m e n t . 1 5 — 2 4 . P o l l e n g r a i n s a f t e r h e a t i n g at + 2 0 0 
C . 15.16. L e n g t h o f t i m e : I h o u r . 17,18. L e n g t h o f t i m e : 2 h o u r s . 19.20. L e n g t h o f l i m e : 3 h o u r s . 21.22. 
L e n g t h o f t i m e : 4 h o u r s . 23.24. L e n g t h o f l i m e : 5 h o u r s . 
Fig. 25—32. Carpmus beiulus L. 
25.26. P o l l e n g r a i n w i t h o u t p r e p a r a t i o n o r e x p e r i m e n t . 2 7 — 3 2 . P o l l e n g r a i n s a f t e r h e a t i n g at + 2 0 0 
C . 27.28. L e n g t h o f t i m e : I h o u r . 29. L e n g t h o f t i m e : 2 h o u r s , 30. L e n g t h o f t i m e : 3 h o u r s , 31. L e n g t h o f 
t i m e : 4 h o u r s . 32. L e n g t h o f t i m e : 5 h o u r s . 
Fig. 33—39. Juglans nigra L. 
33. P o l l e n g r a i n w i t h o u t p r e p a r a t i o n o r e x p e r i m e n t . 3 4 — 3 9 . P o l l e n g r a i n s a f t e r h e a t i n g a t + 200 C . 
34.35. L e n g t h o f t i m e : 1 h o u r . 36. L e n g t h o f t i m e : 2 h o u r s . 37. L e n g t h o f t i m e : 3 h o u r s . 38. L e n g t h o f 
t ime: 4 h o u r s . 39. L e n g t h o f t i m e : 5 h o u r s . 
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( R e c e i v e d : S e p t e m b e r I , 1989) 
Most of the amino acids are readily taken up by roots as water soluble 
compounds, and may act as N source, or the release of carbon skeleton can provide 
energy or building structures for different pathways of the metabolism. 
Y o u n g seed l ings o f t h r e e p l a n t spec ie s ( w h e a t , rice a n d c u c u m b e r ) w e r e 
h y d r o p o n i c a l l y c u l t u r e d ( fac i l i t ies a n d m e t h o d s were a c c o r d i n g to ZSOLDOS, 1984) 
to c o m p a r e the i r ab i l i t y to g r o w on n i t r o g e n - f r e e o r s ingle a m i n o ac id a s n i t r o g e n 
s o u r c e c o n t a i n i n g g r o w t h s o l u t i o n s , a n d t o d e m o n s t r a t e the e f fec ts o f s u c h f eed ing . 
In N-free growth conditions there are some general, rapidly developing signs of 
N deficiency of plants. These N deficiency symptoms are the elongation of the root 
system and the slower growth of the shoot (MARSCHNER. 1986). 
Application of four amino acids (L-Arginine, Glycine. L-Glutamine, L-
Tryptophane) in concentration of 2 mM, respectively, could partially compensate 
these effects, but in each case the amino acid addition alone was not enough to 
support the normal growth. 
Table 1. shows the results. Each amino acid exerted an unique effect on the 
growth. With exception of L-Tryptophane. which had a hormonal effect as auxin 
precursor, the amino acids resulted in a shorter root system (but different 
morphological appearance) and a shoot-growth similar to the control, grown on 
complete medium. From the data listed in Table 1. turned out, that the effects of 
Table I . T h e ef fect o f n i t r o g e n s u p p l y o n l e n g t h o f r o o t s a n d s h o o t s o f 10 d a y ? o l d seed l ings o f 
c u c u m b e r ( C u c u m i s sativus L . c v . B u d a i csemege) a n d w h e a t (Triticum aestivum L . cv . G K Szeged) . P l a n t s 
were c u l t u r e d in N - f r e e ( — N ) a n d i n 2 m M L - A r g i n i n e ( + A R G ) . G l y c i n e ( + G L Y > . L - G l u t a m i n e 
( + G L N ) , L - T r y p t o p h a n e ( + T R P ) c o n t a i n i n g m e d i u m . T h e c o n t r o l h a d 4 m M K N O , c o n t e n t 
( S < 1 2 . 4 ) . 
P l a n t 
L e n g t h i n C o n t r o l % 
— N + A R G + G L Y + G L N + T R P 
C u c u m b e r R o o t 
S h o o t 
165.1 
73 .5 








W h e a t R o o t 
S h o o t 
143.8 
96 .8 
7 7 . 8 
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amino acids were not simply determined by their chemical properties, but there were 
characteristic variances due to biological differences between the 
monocotyledonous wheat and the dicotyledonous cucumber. Only one amino acid, 
glycine have been chosen for further experiments. 
Results of the next step of the investigations are reported in the Fig. 1. Since in 
some cases a slight inhibition of shoot-growth have also appeared, wide range of 
amino acid concentration have been tested, but in condition of normal nitrate-N 
supply. 
Comparison of growth-curves of two monocots, rice and wheat, revealed some 
differences concerning the effect of glycine, which might affect the regulation of N-
assimilation. The curves of root-growth are almost identical, reflect higher 
sensitivity of wheat, but similar way of action. In interval of 0.01—5.0 mM glycine 
concentration the curves of shoot-growth show an opposite picture. In case of rice 
these amounts of glycine promoted the shoot-growth, but shoot-length of wheat 
decreased from the concentration of glycine higher than 0.01 mM. Effect of glycine 
in concentration higher than 5.0 mM seems toxic. 
These opposite results on rice and wheat fit into the earlier experiences 
(MlNOTTl, 1969: SHEN, 1969. 1976) showing differences between regulation of N-
assimilation of these two species, and give indirect evidence of glycine action. Effect 
of glycine on uptake of 15N labelled N sources (N03", NH4+) and K V R b ) , 
H2"P04 have been tested, the promising results are being evaluated. 
120 
20-
O-l . 1 1 1 1 T I r-
o 2 4 6 8 10 12 % 16 
C o n c e n t r a t i o n o f Gly ( m M ) 
• r o o t of w h e a t & s h o o t o f w h e a t o r o o t of nee x s h o o t o f n e e 
18 2 0 2 2 
F i g . 1. T h e e f fec t o f g l y c i n e c o n t e n t ( a d d e d t o 4 m M K N O , c o n t a i n i n g m e d i u m ) o n l e n g t h o f r o o t s a n d 
s h o o t s o f 10 d a y s o l d s e e d l i n g s o f w h e a t (TriUcum aesiivum L . c v . G K S z e g e d ) a n d r ice (Oryza saliva L . c v . 
O r y z e l l a ) . P o i n t s a r e 0 . 0 0 . 0 . 0 1 . 0 . 1 . 0 . 5 . 1.0. 2 .0 . 5 . 0 . 10.0. 2 0 . 0 m M g l y c i n e ( S < 9 . 6 ) . 
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The photosynthetic light-energy utilization is a vital autotrophic process which 
determines the overall productivity of the biosphere. This complicated reaction 
sequence takes place in the chloroplasts of plants, which possess an organized 
internal membrane system, containing the essential pigment-protein complexes and 
the components of the electron transport chain. The proper organization of the 
individual components as well as their assembly into structurally intact and 
functionally competent units is controlled by exogenous and endogenous factors. 
Studying the relationship between the structure and composition of photosynthetic 
membranes and their functional properties can significantly improve our present-
day understanding about the details of the photosynthetic processes and can also 
contribute to the understanding of structure-function relationship in membranes in 
a more general sense. 
Photosynthetic membranes possess some unique features as compared to other 
membrane systems of animal and plant origin. As concerns their lipid composition, 
the high proportion of galactolipids is of note, which frequently contain poly-
unsaturated fatty acids (e. g. linoleic and linolenic acids). This specific lipid pattern 
and fatty-acid composition are the main determinants of the high fluidity level of 
chloroplast membranes. Membrane fluidity, or more precisely the dynamic 
properties of membranes have been shown to be inherently involved in important 
cellular processes, but in this respect little is known about the functional significance 
of the specific fatty acid pattern of chloroplast membranes. 
Chloroplast membranes are known to contain different pigments other than 
chlorophylls, e. g. carotenes and xanthophylls. Their primary role in photosynthesis 
was assumed to be accessory pigments, which also have effective protective action 
against photodecomposition of photosynthetic membranes. Recently, however, it is 
becoming evident that these pigments also play an important role in the assembly 
and proper organization of pigment-protein complexes, the details of which have 
not been elucidated so far. 
A possible way of studying these and similar problems is to bring about 
modifications in the usual stoichiometry of the respective components of the 
membrane and to study the functional consequences of the modifications. The use 
of specific chemical agents for this reason seemed to us a reasonable approach. 
242 G . L A S K A Y 
The experimental work presented in this dissertation aimed at studying 
1. the structural and functional aspects of the photosynthetic apparatus in 
chloroplast membranes where 
a) the fatty acid composition had been modified; 
b) the carotenoid pigment composition had been modified. 
2. the interrelationship between linolenic acid content of chloroplast 
membrane lipids and the photosynthetic activity of chloroplasts and leaves. 
3. the direct action on photosynthesis of the chemicals that were used for 
causing compositional changes. 
EXPERIMENTAL DETAILS 
The experiments were carried out with barley (Hordeum vulgare L., cv. 
Horpácsi kétsoros) grown for 6 days under controlled laboratory conditions. The 
chemicals used for modifying the composition of chloroplast membranes were: 
cerulenin, an antibiotic which is an inhibitor of the do novo fatty acid biosynthesis; 
and two pyridazinone compounds: SAN 6706 and SAN 9785, the former being a 
specific inhibitor of carotene biosynthesis, whereas the latter inhibits the formation 
of linolenic acid. The action of chemicals was studied in different experimental 
systems: during greening of etiolated leaves as well as during treatment of plants 
from the onset of germination. The direct action of the chemicals was sudied by 
treating fully developed green leaves. 
The fatty acids were separated and analysed by gas-liquid chromatography 
following thin-layer chromatographic separation of lipids. Pigment content was 
determined by conventional photometric methods. The fine structure of 
chloroplasts was studied by electron microscopy. The greening of etiolated leaves 
was traced by low-temperature fluorescence measurements on intact leaves. In vivo 
photosynthetic activity of intact leaves was studied by means of fluorescence 
induction and ,4C02-fixation measurements. In vitro photosynthetic activity of 
isolated chloroplasts was studied by polarographic measurements of oxygen uptake 
or evolution in the presence of various electron donor/acceptor systems. A rough 
estimation for the tightness of coupling between electron flow and 
photophosphorylation was achieved by the use of uncouplers and phosphorylation 
co-factors. The qualitative pattern of chlorophyll-protein complexes was studied by 
gel-electrophoretic separation of the polypeptides after SDS-solubilization of 
chloroplast membranes. 
NEW EXPERIMENTAL RESULTS 
— when chloroplastic fatty acid biosynthesis is inhibited by the antibiotic 
cerulenin. the overall greening process is slowed down, the appearances of the two 
photosystems and of the electron transport activity are delayed. Nevertheless, 
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cerulenin treatment did not cause complete absence or inactivation of either of the 
photosystems; 
— to the best of our knowledge, our group was the first to demonstrate that 
cerulenin is a potent inhibitor of de novo fatty acid biosynthesis in chloroplasts. 
Furthermore, a specific action of cerulenin was observed in the fatty acid 
compositions of MGDG and phosphatidyl choline; 
— when linolenic acid biosynthesis is inhibited in the developing chloroplasts 
by SAN 9785, a reduction in the amount of the chlorophyll-protein complex(es) of 
photosystem-I was observed. Although both photosystems were found to be 
competent in vitro, the in vivo photosynthesis of the leaves was considerably 
reduced. It is concluded that the reduced linolenic acid content could contribute to 
the reduction of the photosynthesis, since; 
— a strong correlation between the linolenic acid content of chloroplast 
membrane lipids and the photosynthetic activity of leaves and of the chloroplasts 
isolated from them was established. In particular, the activity of photosystem-I I and 
the tightness of coupling showed strong correlations with the actual linolenic acid 
content; 
— when carotene biosynthesis is inhibited in developing chloroplasts by SAN 
6706. no photosystem-I I activity was detected with an apparent lack of the 
chlorophyll-protein complex of photosystem-II. The lack of carotene pigments, 
however, did not lead to the disappearance of xanthophylls, which, together with 
the remaining chlorophylls, could exert important stabilizing role on the light-
harvesting chlorophyll-protein complex; 
— photosystem-I was found to be competent both in linolenic acidand 
carotene-deficient chloroplasts. but its chlorophyll-protein complex(es) exhibited 
different spectroscopic characteristics when isolated from the membrane, 
suggesting that the complexes developed in the treated leaves possessed reduced 
structural intactness; 
a strong correlation was observed between the (Fm—F¡)/Fm ratio, 
calculated from the fast-fluorescence induction curves of leaves, and the relative 
area above the fluorescence induction curves. This means that the (Fm—F¡)/Fm 
quantity can serve as a reliable indicator of the rate of electron transport between Q 
and the plastoquinone pool, therefore, its use in quick tests is recommended. 
The experimental data obtained during the studies are mainly concerning with 
basic science, since our primary interest was to study the organization of 
photosynthetic membranes and to seek for interrelations between structure and 
function in chloroplast membranes. We hope, however, that the demonstrated 
actions of the respective chemicals could initiate further studies for their potential 
applicability in terms of plant protective strategies. 





PROF. DR. FERENC ZSOLDOS has been appointed to the head of the Group of 
Biological Departments by the Rector of the A. J. University. 
Ass. PROF. DR. LÁSZLÓ G A L L É has been appointed to the secretary of the 
Group of Biological Departments by the Rector of A. J. University. 
ASS. PROF. DR. LAJOS ERDÉLYI has been appointed to the head of the 
Comparative Physiology by the Rector of A. J. University. 
D R . PÉTER M A R Ó Y has been appointed to an Ass. Prof, and the head of the 
Department of Genetics by the Rector of A. J. University. 
D R . IMRE MÉCS has been appointed to an Ass. Prof, and the head of the 
Department of Biotechnology by the Rector of A. J. University. 
The Minister of Cultural Affairs has appointed D R . ATT ILA BÁRÁNYI , DR. 
M A G D O L N A SZENTE, DR. JÓZSEF TOLDI (Department of Comparative 
Physiology), DR. JÁNOS GAUSZ (Department of Genetics) to Ass. Prof. 
Retiring 
Honorary PROF. DR. GABOR PALFY (Department of Plant-Physiology) and 
Ass. PROF. DR. GYORGY BODROGKÖZY (Departmeni of Botany) retired. 
New Department 
The Department of Biotechnology at the A. J. University has been organized 
on 1st July 1989. 
Scientific degree 
The candidate's degree in biological sciences has been gained by DR. ERZSÉBET 
MLHALIK (Department of Botany). 
Awards 
PROF. D R . LÁSZLÓ SZALAI the chair-holder of the Department of Biophysics 
received a Medallion of European Society of Photobiology. 
Photo of Medallion 
'Award for Outstanding Work' were given by the Minister of Cultural Affairs 
to: 
Ass. PROF. D R . LAJOS ERDÉLYI , chair-holder of the Department of 
Comparative Physiology, 
HONORARY PROF. D R . GÁBOR PÁLFY (Department of Plant-Physiology), 
First Ass. D R . LÁSZLÓ D O R G A I (Department of Genetics), 
First Ass. D R . K A T A L I N HALASY (Department of Zoology), 
First Ass. D R . ERZSÉBET M I H A L I K (Department of Botany), 
Varia 
PROF. D R . LÁSZLÓ SZALAI , the chair-holder of the Department of Biophysics 
was the Committee member of scientific program on the III. Congress organized by 
the European Society for Photobiology (27 August—2 Sept). 
Honorary PROF. DR. M I K L Ó S KEDVES has become the regional representative 
of American Association of Stratigraphic Palynologists Central European Group 
(Austria, Czehoslovakia, Hungary, Poland, Romania. Switzerland and 
Yugoslavia). 
Ass. Prof. D R . FERENC BICZÓK has got an Honorary Prof, title from the 
Senate of A. J. University. 
Ass. Prof. D R . L Á S Z L Ó K Ö R T V É L Y E S S Y received a Gold diploma of fifty years' 
standing by the Senate of the A. J. University» 
The 5th Symposium of Plant Anatomy in Hungary and Greguss's Centenary 
On the occasion of the birth centenary of the world famous professor of 
xylotomy Dr. PAL GREGUSS the 5th. Symposium of Plant Anatomy was organised 
at the Department of Botany of A. J. University on the 25th—26th of August in 
1989. at Szeged. 
One of his former students Ass. Prof. Dr. S. GULYAS , the head of the 
Department of Botany of A. J. University delivered an address about the life and 
work of P. GREGUSS. He emphasized the results of the 75 years' hard work. P. 
GREGUSS has written 46 books, 10 lecture notes, 254 scientific articles (Bibliography 
of P. GREGUSS see in Acta Biol. Szeged. 31. 1985. 207—214.). 
From among 70 participants of the Symposium 56 researchers coming from 10 
higher education and 13 research institutes held 42 lectures about the latest results of 
their researches. 
The abstracts of the lectures were published in Hungarian and English 
languages. 
Beside this publication the participants were given the ..GREGUSS medallion" 
made by ANDRAs LAPIS sculptor. 
Photo of GREGUSS medallion 
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